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Chapter 4 - Total Environmental Effects

4.0 INTRODUCTION

This chapter describes the potential cumulative effects that would result from the Moffat
Collection System Project in combination with other reasonably foreseeable future actions
(RFFASs). Therefore, this section presents the total environmental effects that are
anticipated to occur by 2032. The regulations for implementing the National
Environmental Policy Act of 1969, as amended, define cumulative impacts as “the impact
on the environment which results from the incremental impact of the action when added to
other past, present, with RFFAs and regardless of what agency (Federal or non-Federal) or
person undertakes such other actions. Cumulative impacts can result from individually
minor but collectively significant actions taking place over a period of time” (40 Code of
Federal Regulations [CFR] 1508.7). This regulation refers only to the cumulative impact of
direct and indirect effects of the Proposed Action and its alternatives when added to the
aggregate effects of past, present, with RFFAsS.

The U.S. Army Corps of Engineers’ Section 404(b)(1) Guidelines state that “cumulative
impacts are the changes in an aquatic ecosystem that are attributable to the collective effect
of a number of individual discharges of dredged or fill material. Although the impact of a
particular discharge may constitute a minor change in itself, the cumulative effect of
numerous such piecemeal changes can result in a major impairment of the water resources
and interfere with the productivity and water quality of existing aquatic ecosystems”

(40 CFR 230.11[g][1D.
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41 METHODOLOGY FOR TOTAL ENVIRONMENTAL EFFECTS ANALYSIS

The total environmental effects analysis for the Moffat Collection System Project (Moffat
Project or Project) evaluates past, present, and cumulative actions that continue to influence
existing environmental conditions. The total environmental effects analysis also includes
reasonably foreseeable future actions (RFFAS) taken by other entities (Federal or
non-Federal) and the Board of Water Commissioners’ (Denver Water’s) existing operations
that, when combined with one of the Project alternatives, may result in a cumulative effect
on the environment. For purposes of organization of this Environmental Impact Statement
(EIS), cumulative effects are evaluated in two timeframes: (1) past or ongoing present
actions, and (2) future actions. Next, a discussion of climate change issues and future
actions not considered reasonably foreseeable are presented. Finally, cumulative effects of
the alternatives on all resources are discussed.

Past/Ongoing Present Actions

Past or ongoing actions were included in the total environmental effects analysis if they met
the following two criteria:

1. Similar water- or land-based actions have occurred within the same geographic
boundaries where effects from the Moffat Project alternatives are expected to occur.
Figure 2-1 shows the geographic area surrounding the location of the alternative
components; Figures 3.0-1, 3.0-2, 3.0-3, and 3.0-4 display the locations of the river
segments potentially affected by stream flow alterations.

2. A past or current action, the incremental impact of which, when evaluated in addition to
a Moffat Project alternative, might have cumulative effects.

Future Actions

Potential future actions were considered reasonably foreseeable and included in the total
environmental effects analysis if they met all of the following criteria:

1. The action would occur within the same geographic area where effects from the Moffat
Project alternatives are expected to occur. Geographic extent was chosen based on
boundaries of similar land- and water-based projects where the direct and indirect
effects of the Moffat Project alternatives could be adequately and reasonably quantified
(using Platte and Colorado Simulation Model [PACSM)]) or qualified.

2. The action would affect the same environmental resources as the Moffat Project
alternatives, and contribute to the total resource impact.

3. There is reasonable certainty as to the likelihood of the action occurring within the same
projected time period as construction and initial operation of the Moffat Project (by
2032), regardless of the implementation of any of the Moffat Project alternatives,
including the No Action Alternative. This time period was chosen because it coincides
with Denver Water’s demand/supply planning objectives, strategy, and milestones.
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Land- and Water-based Projects and Geographic Boundaries

Total environmental effects analyses were conducted for past, present, and reasonably
foreseeable future land- and water-based actions. Geographically, cumulative effects
resulting from water-based actions are likely to occur on both the East and West slopes of
Colorado, thus, cumulative effects are evaluated within the local operational and
socio-political boundaries of these activities. The effects of land-based actions are limited
to the Front Range (East Slope) since no Project-related ground disturbing activities would
occur on the West Slope. Land-based actions were identified by reviewing various city and
county comprehensive plans, recreation management plans, proposed transportation
improvement project plans, regional population statistics, and land parcel database
searches.

PACSM Boundaries and Stream Flow Effects

Pertinent cumulative effect timeframes and/or hydrologic scenarios were evaluated using
PACSM. The following time frames were compared to analyze the total environmental
effects expected to occur as a result of implementing each Project alternative in
combination with other RFFAs.

Approach for Evaluating the Proposed Action with the Environmental Pool for
Mitigation

Under the Proposed Action with RFFAs, a 77,000 acre-feet (AF) enlargement would be
constructed at Gross Reservoir. Of the 77,000 AF enlargement, 72,000 AF would be
utilized to provide new firm yield to Denver Water’s system and 5,000 AF would be an
Environmental Pool for mitigation. The estimated ground disturbance for the Proposed
Action conservatively assumed the proposed inundation area (i.e., the area between
elevation 7,282 and 7,400 feet), plus 10 feet above the expanded reservoir pool to account
for potential tree removal and other construction-related activities. The additional area of
inundation associated with the Environmental Pool (i.e., the area between elevation

7,400 and 7,406 feet) is within this impact area. Thus, the impact analysis of ground-
disturbance associated with the Proposed Action with or without the Environmental Pool is
the same. The environmental effects discussed for surface water correspond with the
72,000 AF enlargement whereas the operations and effects associated with the 5,000 AF
Environmental Pool are discussed in Appendices H-22 and M-2, and were independently
evaluated by the U.S. Army Corps of Engineers (Corps). Additional analyses conducted by
the Corps for recreation and aquatic biological resources associated with the Environmental
Pool are also presented in Appendices H-22 and M. The environmental effects of a

77,000 AF expansion are expected to be similar to the 72,000 AF expansion.

Comparison of Current Conditions (2006) and Full Use with a Project Alternative
with RFFAs (2032)

e Current Conditions (2006) reflects the Denver Water-related current administration of
the Colorado and South Platte river basins, demands, infrastructure, and operations.

Under the Current Conditions (2006) scenario, Denver Water’s existing average annual
demand is 285,000 AF/yr.
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e Full Use with a Project Alternative with RFFAs (2032) reflects conditions in Denver
Water’s system when the Moffat Project is completed and in full use in 2032. This
scenario reflects each action alternative in combination with other RFFAs. Under this
scenario, Denver Water’s average annual demand is 363,000 AF/yr (379,000 AF/yr
demand less the 16,000 AF/yr demand met by conservation measures) and the Moffat
Project with RFFAs would be providing 18,000 AF/yr of new firm yield.

The following graphic represents the timelines by which total environmental effects were
evaluated.

2006 2032
Current Full Use with a Project
Conditions Alternative and RFFAs

The cumulative effects scenario (2032 with Project) was used to bound the identification of
potential cumulative effects related to potential stream flow changes. Cumulative effects
analysis includes RFFAs, plus other entities that have implemented projects/actions. The
potential hydrologic effects of implementing a Moffat Project alternative, with the
cumulative effect of other entities’ RFFAS, are based on this scenario. PACSM includes
the proposed water-related projects that are reasonably foreseeable between Current
Conditions (2006) and Full Use with a Project Alternative (2032) (refer to Section 4.3).
Additional RFFAs that are not incorporated in PACSM were addressed qualitatively (refer
to Section 4.3). Hydrologic effects that are attributable to the Moffat Project alternatives
are discussed in Chapter 5.
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4.2 PAST ACTIONS

The identification of the effects of past actions is critical to understanding the
environmental condition of an area. Knowing whether a resource is healthy, declining, near
collapse, or not functioning is necessary for determining the significance of any added
impacts due to the Moffat Collection System Project (Moffat Project or Project).

Recent guidance on the consideration of past actions in cumulative effects analysis states
that “...it is not practical to analyze how the cumulative effects of an action interact with
the universe; the analysis of environmental effects must focus on the aggregate effects of
past, present and reasonably foreseeable future actions (RFFAS) that are truly meaningful”
(CEQ 2005). This Environmental Impact Statement considers actions that have occurred in
the past and have resulted in cumulative effects that continue to influence the present
environmental conditions with RFFAs in the Project area.

4.21 Past Water-based Actions

Water Supply Reservoirs

There are numerous existing reservoirs that are currently affected by operations of the
Board of Water Commissioners’ (Denver Water’s) North and South systems, and which
would experience some degree of cumulative effects with Project implementation. The
operations of these reservoirs are described primarily in Sections 3.1 and 5.1. These
ongoing reservoir operations and the effect they have on reservoir contents and levels, and
the existing effects on stream flow, are incorporated into the Platte and Colorado
Simulation Model (PACSM) that was done to support the analysis of Project impacts.
Existing reservoirs in the Project area include Gross, Dillon, Williams Fork, Wolford
Mountain, Antero, Eleven Mile Canyon, Cheesman, Strontia Springs, Ralston, and
Chatfield reservoirs. Gross, Dillon, and Williams Fork reservoirs would experience the
greatest changes with the Moffat Project.

Trans-basin Diversions

A trans-basin water diversion occurs when water is exported from one watershed to
another, typically from a West Slope watershed to the East Slope (Colorado Foundation for
Water Education 2003). The first trans-basin diversion project to divert water out of the
Colorado River Basin began in the 1880s with the construction of the Grand River Ditch by
the Water Supply and Storage Company. Grand Ditch diverts water across the Continental
Divide at La Poudre Pass to farmers and ranchers on the East Slope. The City of Thornton
also is a 50 percent (%) shareholder in the Grand River Ditch (Coley/Forrest, Inc. 2007).

The Moffat Tunnel was the pilot bore for the Moffat Railroad Tunnel and was completed in
1927. The pilot bore was enlarged and partially lined in 1935 and 1936. The first diversion
of water occurred in 1936. Denver Water purchased additional water rights in Grand
County in the mid-1950s. Between 1935 and mid-1950, Denver Water constructed a series
of diversion canals and tunnels from approximately 31 creeks and rivers to divert water to
the Moffat Tunnel. The Roberts Tunnel was constructed from 1946 through the early
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1960s and water began flowing through it to the South Platte River in 1964
(Coley/Forrest Inc. 2007).

The U.S. Department of Interior, Bureau of Reclamation constructed the Colorado-Big
Thompson (C-BT) Project in the 1930s, which they jointly operate with Northern Colorado
Water Conservancy District (NCWCD). The C-BT Project consists of 14 storage dams and
10 reservoirs, including Granby Reservoir, Shadow Mountain Reservoir, Grand Lake, and
the Alva Adams Tunnel. The NCWCD Municipal Subdistrict owns and operates the Windy
Gap Project, completed in 1985, which diverts water from the Colorado River downstream
of the confluence of the Colorado and Fraser rivers to Granby Reservoir.

South Platte River

The South Platte River has undergone extensive development for agricultural irrigation,
power generation, and municipal water uses. Water supply development in the South Platte
River Basin began in the mid-1880s in response to increasing agricultural water needs.
Water was typically diverted through canals to farm fields. Trans-basin diversions were
also initiated in an effort to meet water supply needs. Major trans-basin diversions into the
South Platte River Basin include the previously described C-BT Project, Windy Gap
Project, Moffat Tunnel Collection System, and the Roberts Tunnel Collection System. The
South Platte River currently contains 15 major dams and reservoirs to supply water for
agricultural, industrial, and municipal uses (DOI 2006; CWCB 2004).

4.2.2 Past Land-based Actions

Population Growth and Development along the Front Range

The Denver Metropolitan area growth rate has consistently outpaced the national rate every
decade since the 1930s. The region grew steadily during the past decade, averaging 1.5%
population growth each year from 2000 to 2010. By 2030, the Denver Metropolitan area
population is anticipated to increase by nearly 30% to almost 3.7 million. Currently, the
Denver Metropolitan area population is approximately 2.9 million (refer to Table 4.2.2-1).
Past and ongoing development along the Front Range has created a demand for resources,
including water.
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Table 4.2.2-1
Denver Metropolitan Area Population Statistics
County Denver
Year Metropolitan

Adams | Arapahoe | Boulder | Broomfield | Denver | Douglas | Jefferson Area Total

2035 Proj | 693,941 | 820,431 380,823 84,995 779,773 | 481,772 623,736 3,865,471
2030 Proj | 645,884 | 774,353 366,960 82,049 749,555 | 450,846 612,885 3,682,532
2025 Proj | 597,787 | 725,282 350,481 77,432 719,676 | 415,872 593,742 3,480,273
2020 Proj | 544,258 | 673,230 332,107 71,211 686,613 | 373,308 571,753 3,252,481
2015 Proj | 491,263 | 619,762 312,668 63,926 645,364 | 322,985 548,447 3,004,415
2012 Proj | 460,846 | 590,675 300,823 58,999 622,148 | 297,485 539,973 2,870,948

2010 441,603 | 572,003 294,567 55,889 600,158 | 285,465 534,543 2,784,228

2000 363,857 487,967 291,288 - 554,636 | 175,766 525,507 2,400,570
1990 265,038 391,511 225,339 --- 467,610 60,391 438,430 1,848,319
1980 245,944 293,621 189,625 - 492,365 25,153 371,753 1,618,461
1970 185,789 162,142 131,889 --- 514,678 8,407 233,031 1,235,936
1960 120,296 113,426 74,254 -—- 493,887 4,816 127,520 934,199
1950 40,234 52,125 48,296 - 415,786 3,507 55,687 615,635
1940 22,481 32,150 37,438 --- 322,412 3,496 30,725 448,702
1930 20,245 22,647 32,456 - 287,861 3,498 21,810 388,517
1920 14,430 13,766 31,861 --- 256,491 3,517 14,400 334,465
1910 8,892 10,263 30,330 -—- 213,381 3,192 14,231 280,289
1900 - 153,017 21,544 --- --- 3,120 9,306 186,987

Source: Colorado Department of Local Affairs, State Demography Office.

Notes:

--- = notavailable

Proj = projected population growth
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4.3 REASONABLY FORESEEABLE FUTURE ACTIONS

4.3.1 Future Water-based Actions

Several water-based actions on the East and West slopes were considered in the evaluation
of cumulative hydrologic effects, as shown in Table 4.3.1-1. Water-based actions refer to
proposed water storage and diversion, water rights changes, and Section 404 activities on
Colorado’s East and West slopes. Several of these actions are anticipated to be on line by
the time the Board of Water Commissioners’ (Denver Water’s) projected demands are
estimated to begin to exceed system supplies. Thus, these projects were incorporated in the
Platte and Colorado Simulation Model (PACSM) in the Full Use of the Existing System,
No Action Alternative (2032 without Project), and Moffat Collection System Project
(Moffat Project or Project) alternative (2032 with Full Use of the Existing System)
scenarios. Those projects included in the PACSM (output displayed in Appendix H) were
included in the model as they are anticipated to be brought on line. Projects that were not
included in PACSM are addressed qualitatively in the following sections. East Slope and
West Slope projects are discussed separately.

Table 4.3.1-1
Water-based Actions Considered for Cumulative Effects Analysis

Included in

Water-based Action PACSM

Addressed Qualitatively

REASONABLY FORESEEABLE WATER-BASED ACTIONS

East Slope Projects

1) Halligan-Seaman Water Supply Project v Downstream of Henderson gage
2) Northern Integrated Supply Project Partially

3) Denver Water Reuse Project v

4) Aurora Prairie Waters Project v

5) Rueter-Hess Reservoir (16,200 AF and enlarged
72,000 AF reservoir)

6) Dry Creek Reservoir Project Downstream of Henderson gage

7) Chatfield Reservoir Storage Reallocation Project

8) Augmentation of Lower South Platte Wells Downstream of Henderson gage

9) East Cherry Creek Valley Project Downstream of Henderson gage

10) Cache la Poudre Flood Reduction and Ecosystem
Restoration Project

SSIENENENENERN

Downstream of Henderson gage

11) Water Infrastructure and Supply Efficiency
(WISE)

<\

West Slope Projects

12) Windy Gap Firming Project (WGFP) v

13) Urban Growth in Grand and Summit Counties v

14) Reduction of Xcel Energy’s Shoshone Power v
Plant Call
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Table 4.3.1-1 (continued)
Water-based Actions Considered for Cumulative Effects Analysis

. Included in o
Water-based Action PACSM Addressed Qualitatively

15) Changes in Releases from Williams Fork and
Wolford Mountain Reservoirs to Meet USFWS v
Flow Recommendations for Endangered Fish in
the 15-Mile Reach

16) Wolford Mountain Reservoir Contract Demand

17) Expiration of Denver Water’s Contract with Big
Lake Ditch in 2013

18) Colorado Springs Utilities” Substitution and

Power Interference Agreements at Green v
Mountain Reservoir
19) 10,825 Water Supply Alternatives 4
20) Colorado River Cooperative Agreement v
21) Fish and Wildlife Enhancement Plan v

WATER-BASED ACTIONS CONSIDERED NOT REASONABLY FORESEEABLE FUTURE
ACTIONS

22) Parker Water and Sanitation District Transfer of
Agricultural Water Rights

23) Regional Watershed Supply Project

24) Yampa Pumpback Project

25) Colorado River Return Project

26) Blue River Pumpback with Wolcott Reservoir

Notes:

AF = acre-feet
PACSM = Platte and Colorado Simulation Model
USFWS = U.S. Fish and Wildlife Service

East Slope Projects

Halligan-Seaman Water Supply Project

The Halligan-Seaman Water Supply Project includes the proposed expansion of the existing
Halligan Reservoir and Milton Seaman Reservoir. Both of these facilities are located on
the North Fork Cache la Poudre River. The project is in the initial stages of the National
Environmental Policy Act of 1969, as amended, process. As a result, the alternatives are
not yet well defined. Preliminary information on the facilities and operations of Halligan
Reservoir enlargement was based on a letter, dated October 25, 2006, from Nancy Koch
(City of Greeley) and Clifford Hoelscher (City of Fort Collins) to Chandler Peter

(U.S. Army Corps of Engineers [Corps]). This is an ongoing Corps-led Environmental
Impact Statement (EIS) and the following description of the project has not changed since
the publication of the Moffat Draft EIS in 2009. The Corps is continuing to work with the
applicants to develop and screen alternatives and model potential operations.

The applicants in the Halligan Reservoir enlargement project include the City of Fort
Collins and the North Poudre Irrigation Company (NPIC). Based on preliminary
information available for this project, the anticipated size of the Halligan Reservoir
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enlargement is 13,150 acre-feet (AF) (8,150 AF for Fort Collins and 5,000 AF for NPIC).
The anticipated sources of water to be stored in the enlargement would consist primarily of
converted agricultural water rights and, to a lesser extent, water available from the Halligan
Reservoir conditional storage decree and some portion of the ' interest in the Grey
Mountain Reservoir conditional decree. The agricultural rights could consist of rights from
several different irrigation ditches in the Cache la Poudre River Basin. The applicants do
not yet know at this time the exact mix of agricultural rights that would be used.

It is anticipated that the City of Fort Collins would make relatively small releases from
Halligan Reservoir in the winter months to help meet water demands and return flow
obligations associated with converted agricultural water rights. Additional releases would
be made in drought years. NPIC would likely operate its portion of the Halligan
enlargement on an as-needed basis. Releases from their portion of Halligan Reservoir
would most likely occur in dry years and during the latter part of the summer.

The City of Greeley is the proponent of the Seaman Reservoir expansion. Based on
preliminary information available for this project, the anticipated size of the Seaman
Reservoir enlargement is 48,000 AF. The anticipated sources of water to be stored in the
enlargement would consist primarily of converted agricultural water rights, some portion of
the ‘% interest in the Grey Mountain Reservoir conditional decree, and water available from
the Seaman Reservoir and Rockwell Ranch conditional storage decrees. The City of
Greeley does not yet know the exact mix of agricultural rights but the rights would draw
water from the Cache la Poudre and Laramie river basins.

Greeley anticipates that it would make consistent releases from Seaman Reservoir in the
winter months. Winter releases would likely be delivered to the Greeley Filters Pipeline
and treated at the Bellvue treatment plant. Additional releases from Seaman Reservoir
would likely be made in drought years when the yield of Greeley’s other water supplies is
limited. The magnitude of releases has not yet been determined.

Applicants of the Halligan-Seaman Water Supply Project have modeled potential
operations due to the development of the Common Technical Platform that is being used for
this project and Northern Integrated Supply Project (NISP). PACSM was not modified to
reflect the Halligan and Seaman Reservoir enlargements project due to the limited amount
of public information available.

Northern Integrated Supply Project (Glade Reservoir and the South Platte Water
Conservation Project [SPWCP])

NISP is anticipated to provide project participants with a firm yield of approximately
40,000 acre-feet per year (AF/yr) through a regional project. The Applicant’s preferred
alternative includes a proposed Glade Reservoir with an active storage capacity of
approximately 170,000 AF. Associated with Glade Reservoir would be a forebay, pump
station, and improvements to the Poudre Valley Canal to deliver water from the Cache la
Poudre River to Glade Reservoir. NISP proposes to use Northern Colorado Water
Conservancy District’s (NCWCD’s) 7 interest in the Grey Mountain Reservoir junior
conditional storage rights as a source of project yield. The other major component of the
Applicant’s preferred alternative is the SPWCP. The main feature of the SPWCP is the
proposed Galeton Reservoir with an active storage capacity of approximately 45,624 AF.
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Associated with Galeton Reservoir would be a forebay, pump station, and pipeline to
deliver water diverted from the South Platte River downstream of the confluence with the
Cache la Poudre River to Galeton Reservoir or directly to the Larimer Weld and New
Cache canals. The SPWCP would be operated to exchange water stored in Galeton
Reservoir to the New Cache Canal and Larimer Weld Canal as a source of substitution for
an exchange of water historically diverted by the irrigation companies. NISP would also
substitute Galeton Reservoir and/or South Platte River water in exchange for water in the
existing Terry Lake, Big Windsor, and Timnath reservoirs. NISP proposes to divert water
from the South Platte River using NCWCD’s conditional water rights for the SPWCP. In
2008, the Corps issued a Draft EIS for NISP. Due to the number and complexity of
significant comments received, the Corps is currently preparing a Supplemental Draft EIS.
If permitted, construction of the project would likely begin in 2020.

The NISP alternatives were simulated using a series of integrated hydrologic models known
as the Common Technical Platform model sequence. Model data were relied on to analyze
the effects of both Glade and Galeton reservoirs. Modeled flows were evaluated for the
Cache la Poudre River at the confluence with the South Platte River and flows at the Kersey
gage on the South Platte River downstream of the Cache la Poudre River confluence.

Cache la Poudre flows at the confluence with the South Platte River were incorporated in
PACSM because Glade Reservoir was anticipated to be on line before the Moffat Project is
operational. The effects of the SPWCP on South Platte River flows were not included in
PACSM because that project is anticipated to be on line after Denver Water’s projected
demands are estimated to begin to exceed system supplies (Full Use of the Existing
System). The cumulative effect of NISP is to decrease South Platte River flows
downstream of the confluence of the Cache la Poudre River due to the proposed project’s
reliance on the development of existing and/or new conditional water rights for diversion
and exchange of native river water. Table 4.3.1-2 summarizes average, wet, and dry year
baseline and project flows for NISP for the South Platte River at Kersey. This location is
below the diversion point for the proposed SPWCP, and therefore reflects the full impact of
all NISP diversions upstream.

Baseline flows in Table 4.3.1-2 reflect existing upper South Platte hydrology. The baseline
condition represents the 2005 level of urbanization in the Denver Metropolitan and North
Front Range areas; the 2005 distribution of the C-BT Project use; and trans-mountain reuse
consistent with historical levels (approximately 10 percent [%]). This is assumed to
represent South Platte River flow conditions at the present time (Gibbens 2006; Pineda

et al. 2003). For the project scenario with Glade and Galeton reservoirs on line, hydrology
for the upper South Platte River model input reflects 2005 levels of urbanization; the 2005
C-BT distribution; and 100% trans-mountain reuse planned through Denver Water’s Reuse
Project and Aurora’s Prairie Waters Project (PWP). In addition, the project scenario
includes a 5% safety factor on the NISP demand, raising it to 42,000 AF rather than the
project participants’ actual demand of 40,000 AF (Gibbens 2006; Pineda et al. 2003).
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Table 4.3.1-2
Summary of Average, Wet, and Dry Year Flows (cfs) at the South Platte River at Kersey Gage
for NISP (Glade Reservoir Plus South Platte Water Conservation Project)

| Nov | Dec | Jan | Feb [ Mar | Apr | May [ Jdun | Jul | Aug Sep Oct

Baseline Flows

Wet Year 816 743 785 891 848 1,253 3,071 4,802 1,072 899 906 1,127

Average Year 900 720 750 866 910 918 1,644 1,872 619 396 579 722

Dry Year 673 613 653 840 868 653 712 637 204 235 363 441
Project Flows

Wet Year 745 695 731 841 824 1,242 2,957 4,222 1,018 871 839 1,101

Average Year 859 678 670 803 881 898 1,505 1,594 595 389 536 692

Dry Year 617 566 586 787 825 643 664 604 199 237 344 431
Change in Flows

Wet Year -71 -48 -54 -49 -24 -11 -114 -580 -54 -29 -68 -26

Average Year -41 -41 -80 -63 -30 -20 -139 -278 -23 -8 -44 -31

Dry Year -56 -47 -67 -53 -43 -10 -48 -33 -5 2 -19 -10
Percent Differences

Wet Year -8.7% -6.5% -6.9% -5.5% -2.9% -0.9% -3.7% -12.1% -5.1% -3.2% -7.5% -2.3%

Average Year -4.5% -5.8% -10.7% -7.3% -3.3% -2.1% -8.4% -14.9% -3.8% -1.9% 7.5% -4.2%

Dry Year -8.3% -1.7% -10.3% -6.3% -5.0% -1.5% -6.8% -5.2% -2.5% 0.8% -5.1% -2.3%

Notes:

Data provided by HDR based on Poudre Basin MODSIM model runs for the NISP EIS.

cfs =
NISP

cubic feet per second
Northern Integrated Supply Project
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As shown in Table 4.3.1-2, decreases in South Platte River flows would be greatest during
runoff in May and June in average and wet years. This is the result of NISP’s junior water
rights coming into priority and making significant diversions in wet years. Decreases in
flow are considerably less in dry years. The maximum monthly average decrease in flows
would occur in June, with a 278 cubic feet per second (cfs) or 15% decrease. In wet years,
the maximum monthly average decrease in flow would also occur in June, with a 580 cfs or
12% decrease.

Denver Water Reuse Project

In 2000, Denver Water constructed a non-potable Recycling Plant near the Metro
Wastewater Reclamation District Plant (Metro Wastewater Treatment Plant [WWTP]) in
Denver to use its reusable supplies. The ultimate plant will be capable of delivering up to
17,500 AF/yr of water to non-potable uses in the future. The existing plant capacity is

30 millions of gallons per day, with about 7,000 AF/yr of use. In 2002, existing customers
included the Cherokee Power Plant, Washington Park, City Park and Golf Course, Denver
Country Club, Park Hill Golf Course, and redevelopment at Stapleton and Lowry (Denver
Water 2002a). By 2011, Denver Water expanded the recycled water system to serve
various schools and parks, Rocky Mountain Arsenal National Wildlife Refuge, and the
Denver Zoo.

The major source of supply for the non-potable Recycling Plant is Denver Water’s reusable
water. For the Recycling Plant intake (direct right), Denver Water has a direct right for

70 cfs of fully consumable South Platte River water (Case No. 2000CW287). A portion of
the water delivered to Denver Water’s customers is not fully consumed and returns to the
South Platte River as effluent from a WWTP or by groundwater return flow as a result of
lawn irrigation. Return flows of non-reusable water belong to downstream water right
holders and cannot be used a second time by Denver Water. However, return flows of
reusable water can be used over and over again until extinction (i.e., that water is fully
consumable). The main sources of reusable water in Denver Water’s Collection System
are:

e Blue River water delivered through the Roberts Tunnel

e Fraser River water diverted by the Meadow Creek system (the only reusable water
associated with the Moffat Collection System)

e Transferred agricultural water rights on the East Slope
e Fully consumable South Platte River rights

The Metro WWTP and the Littleton-Englewood (Bi-City) WWTP are the primary return
flow points of Denver Water’s reusable water. Denver Water keeps track of reusable return
flows and currently reuses portions of these supplies as the source of water for the
non-potable recycling plant and for exchanges to upstream facilities.

Denver Water anticipates having a minimum of 27,000 AF of active gravel pit storage along
the South Platte River downstream of the Metro WWTP outfall to store excess reusable
effluent and return flows when available for later exchange to existing upstream reservoirs or
the Recycling Plant. This includes gravel pit storage Denver Water has recently purchased as
well as their North and South gravel pit complexes currently under construction. PACSM
includes Denver Water’s non-potable recycling plant operating at its ultimate capacity of
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17,500 AF/yr and 27,000 AF of active gravel pit storage along the South Platte River
available for managing its reusable supplies. The cumulative effect of reuse by Denver Water
is to decrease South Platte River flows.

City of Aurora Prairie Waters Project (PWP)

The City of Aurora owns and diverts water from the Colorado and Arkansas river basins to
the South Platte River Basin. Aurora also owns water decreed for municipal diversion and
storage in the South Platte River Basin. Over 90% of these supplies are fully reusable.
Aurora built the PWP, which enables the City to capture and beneficially use these reusable
water supplies.

Information on the facilities and operations of the PWP was provided by Aurora staff and
the City’s website. The PWP draws water from wells adjacent to the South Platte River
near Brighton for delivery to nearby recharge basins. Water is recovered from these basins
via wells and conveyed via a pipeline south to Aurora’s Peter Binney Water Purification
Facility. The primary source of water for the project consists of Aurora’s reusable return
flows as well as diversions under new junior water rights. The PWP is currently capable of
diverting up to 10,000 AF/yr from the South Platte River, with diversions up to

50,000 AF/yr possible in the future as the City grows, its reusable return flows increase, and
infrastructure is added. The Water Infrastructure and Supply Efficiency (WISE)
Partnership (as described in a subsequent section) will also make use of PWP facilities;
however, the City of Aurora would take delivery of their reusable supplies through the
PWP for their own use first. WISE would rely on Aurora’s and Denver Water’s reusable
supplies that are excess to their immediate needs. Aurora currently leases a significant
portion of their reusable supplies to various entities. When those leases expire, it is
anticipated that Aurora would use that reusable supply as well as their remaining reusable
supplies (currently uncommitted and any future additional supplies) as the primary source
of supply for the PWP and WISE.

PACSM was configured to include a diversion of up to 20,000 AF/yr of Aurora’s reusable
supplies at the South Platte River near Henderson gage. This water will be used by Aurora
as needed, with a portion also delivered to and used by the WISE participants. Reuse by
Aurora through their PWP will result in a nominal decrease in South Platte River flows
since a significant portion of Aurora’s reusable supplies are already being used by various
entities through leases. While PWP diversions will likely increase in the future, there will
be a concurrent increase in return flows available for recapture as Aurora grows.

Rueter-Hess Reservoir Project

Rueter-Hess Reservoir has been constructed on Newlin Gulch, a tributary of Cherry Creek.
The project, which is being implemented by the PWSD includes a dam and reservoir with a
capacity of approximately 72,000 AF, a Water Treatment Plant (WTP), pump station,
reservoir delivery pipelines, a diversion structure and pump station along Cherry Creek, and
Denver Basin aquifer extraction and injection wells. The water sources for storage in the
reservoir include water from existing Cherry Creek water rights pumped from alluvial
wells, in-priority Newlin Gulch and Cherry Creek surface flows, reusable effluent from
PWSD’s WTP, and reusable lawn irrigation return flows diverted from Cherry Creek.
PWSD’s Denver Basin water will be used to provide baseflow demands to the PWSD while
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water from Rueter-Hess Reservoir will be used to primarily satisfy PWSD’s peak
summertime demands. The average annual yield from the reservoir is estimated to be
4,136 AF (Corps 2007b).

The potential effects of the project were evaluated for the Rueter-Hess Reservoir EIS and
the project’s net depletion to Cherry Creek was estimated to be 1,040 AF/yr. Stream flows
in Cherry Creek below PWSD’s diversion will be reduced on average with the reservoir;
however, during periods of low flow, the project will result in more stream flow in Cherry
Creek due to the contribution of the non-reusable portion of PWSD’s WTP and lawn
irrigation return flows. It is likely that the quantity and timing of net depletions associated
with the Rueter-Hess Reservoir Project would change downstream of the project due to:
(1) possible differences in the timing and magnitude of Cherry Creek Reservoir releases,
(2) possible differences in downstream junior diversions and return flows along Cherry
Creek and the South Platte River, and (3) potential differences in junior exchanges along
the South Platte River.

PACSM currently includes historical inflows from Cherry Creek to the South Platte River
based on the U.S. Geological Survey (USGS) gage, Cherry Creek at Denver, which is
located at the mouth of Cherry Creek. This is considered conservative during dry years
because flows in Cherry Creek below PWSD’s diversion would be higher with Rueter-Hess
Reservoir on line during critical low flow periods due to the contribution of additional WTP
return flows and lawn irrigation return flows. While inflows from Cherry Creek to South
Platte River may be less in wet years due to the Rueter-Hess Reservoir Project, the
cumulative effect on South Platte River flows will likely be small since Cherry Creek is a
relatively small component of the total South Platte mainstem flow in wet years.

The original Rueter-Hess Reservoir (16,200 AF) was permitted February 2004, authorizing
construction of the reservoir. In 2005, PWSD proposed to enlarge Rueter-Hess Reservoir
by 55,800 AF for an increase in total storage capacity from 16,200 AF to 72,000 AF
(Corps 2007b). Construction of the originally permitted reservoir was partially completed
in 2006, pending the outcome of the enlarged reservoir request to the Corps. PWSD
received their amended Section 404 Permit for the reservoir expansion in April 2008, and
construction on the enlarged reservoir was completed in 2012. The purpose of the enlarged
reservoir is to provide sufficient storage of Denver Basin groundwater and the associated
reuse water from Denver Basin use for selected south Denver Metropolitan area water
providers. The additional sources of water to be stored in the expanded reservoir would
come from existing sources (i.e., Denver Basin groundwater and associated reusable return
flows). There would be no cumulative effect on South Platte River flow associated with the
expansion of Rueter-Hess Reservoir.

Dry Creek Reservoir Project

The Central Weld County Water District and the Little Thompson Water District have
constructed an 11,000-AF reservoir on about 300 acres of land about 4 miles east of Carter
Lake. Dry Creek Reservoir is located within the Big Thompson River Basin. This
reservoir would be used to store a portion of both Districts’ C-BT water to improve daily
operational flexibility and drought protection (ERO 2007).

This project was not included in PACSM as it is located within the Big Thompson River
Basin and outside the geographic scope of the model. Cumulative effects from the Dry
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Creek Reservoir Project on South Platte River flows would occur downstream of Denver
Water’s system and are anticipated to be minor because the project will rely primarily on
trans-basin imports. Trans-basin imports would include Central Weld County Water
District and the Little Thompson Water District’s C-BT water. Operations of Dry Creek
Reservoir would not expand the use of C-BT water but may change the timing Central
Weld County Water District and Little Thompson Water District requests their C-BT water.
This project would have minimal to no impact on C-BT diversions from the Colorado
River.

Chatfield Reservoir Storage Reallocation Project

The Colorado Water Conservation Board (CWCB) requested that the Corps consider
reallocating space within Chatfield Reservoir for water supply purposes on behalf of a
group of water providers in the Denver Metropolitan area. The request was made in
response to concerns on the increasing demands for water and difficulties in finding water
storage sites. Congress authorized the Corps to conduct a study. The CWCB is the study
sponsor; the study investigates the feasibility of reallocating water storage in an existing
Federal facility, Chatfield Reservoir. Storage space in Chatfield Reservoir, located in
Jefferson County southwest of Denver, would be reallocated from exclusive flood control
use to joint flood control-conservation purposes including storage for municipal, industrial,
agriculture, environmental restoration, recreation, and fishery habitat protection and
enhancement. There are currently 12 entities involved in this project including CPW,
Central CWCD, South Metro Water Supply Authority (SMWSA), Centennial Water and
Sanitation District, and several other smaller water users.

The Corps released a Draft Feasibility Report and EIS for the Chatfield Reservoir Storage
Reallocation Project in June 2012. The public comment period for the draft ended in
September 2012, and the document was revised accordingly. The Final Feasibility
Report/EIS was released for State, agency and public review August 20 through

September 3, 2013. Upon finding of feasibility, the Assistant Secretary of the Army for
Civil Works can approve the reallocation. The Assistant Secretary of the Army for Civil
Works will issue a Record of Decision on project implementation. It is anticipated a
decision on the project will be made early 2014. If approved, the project will proceed into
design and implementation in accordance with legislation. Due to the overlap of publishing
the Moffat Project EIS and the Chatfield Reservoir Storage Reallocation Project Feasibility
Report/EIS, there was insufficient time to conduct a quantitative cumulative effects
analysis.

Augmentation of Lower South Platte River Wells

Many tributary groundwater wells with junior water rights on the lower South Platte River
in Colorado are being required by the State Engineer’s Office to develop augmentation
plans to offset the consumptive use of the wells and protect senior water rights. The
augmentation plans typically involve the diversion and storage of water from the South
Platte River when the relatively junior water rights are in-priority (high flows and during
the winter) and/or the purchasing or leasing of trans-basin return flows. These
augmentation plans would likely affect South Platte River flows (ERO 2007).
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This action was not represented in PACSM. A portion of out-of-priority tributary well
pumping may be replaced with reusable municipal return flows acquired from upstream
entities. As municipalities like Denver and Aurora are able to more fully use their reusable
effluent through their reuse projects, less reusable effluent would be available for
acquisition. Therefore, it is likely that augmentation supplies would be acquired from
purchased senior agricultural rights or junior water rights would be used to store South
Platte River water in which case stream flows in the lower South Platte River would likely
increase.

East Cherry Creek Valley Water Project

Information on the facilities and operations of the East Cherry Creek Valley Water Project
was obtained from the December 2003 Water Supply Agreement between Farmers
Reservoir and Irrigation Company (FRICO), the United Water and Sanitation District, and
the East Cherry Creek Valley Water and Sanitation District. Under the project, water
would be pumped from the Beebe Draw alluvium, treated in a new WTP and conveyed via
a pipeline south connected to East Cherry Creek Valley’s storage tanks in Arapahoe
County. The primary sources of water for the project are changed water rights associated
with the 70 Ranch located downstream on the South Platte River and shares from FRICO’s
Barr Lake-Milton Reservoir division. These changed water rights would be used as a
substitute supply to offset depletions arising from East Cherry Creek Valley’s pumping
from the Beebe Draw alluvium. The first two phases of this project are anticipated to be on
line prior to the Moffat Project becoming operational. East Cherry Creek Valley anticipates
withdrawing approximately 6,000 AF/yr from the Beebe Draw alluvium.

There should be little change in the timing and quantity of water in the South Platte River
associated with this project. The consumptive use associated with the changed water rights
would be used to offset East Cherry Creek Valley’s depletions and historic return flows
associated with the changed rights would be maintained in quantity and timing. There
could potentially be a change in flows between the location of historical return flows and
the point of replacement if historic return flows are replaced using changed water rights
located downstream of the project via an exchange. For example, replacement of historical
return flows can be made at a downstream location if there is no injury to intervening water
rights between the location of historic return flows and the point of replacement.

The cumulative effects of this project on South Platte River flows are expected to be minor.
This project was not incorporated in PACSM because the majority of East Cherry Creek
Valley’s depletions would be offset with changed water rights and any differences in flows
caused by the replacement of historical return flows via exchange would have little to no
effect on flows upstream of the Henderson gage.

Cache la Poudre Flood Reduction and Ecosystem Restoration Project

The Corps is evaluating the feasibility of flood reduction and ecosystem restoration
measures within a 17 mile reach of the Cache la Poudre River, in and around Greeley.
Flood damage reduction efforts would be directed at a roughly 7 mile reach of the river
inside Greeley city limits and would focus on protecting high-damage areas along a 2 to

3 mile reach largely east of 11" Avenue. The ecosystem restoration effort would include
areas of the entire 17 mile reach with focus on the restoration of old oxbows and meander
channels, available gravel pits and floodplain storage areas, and on providing connectivity
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through green space restoration in the flood way. The gravel pits located in the floodplain
in and around Greeley would be evaluated for both their flood storage utility and their
potential to improve the ecosystem of the river and its floodplain (Corps 2006).

There is currently not sufficient information available to define this action and conduct an
analysis to quantify the cumulative effects of the Cache la Poudre Flood Reduction and
Ecosystem Restoration Project. However, because the objective is to reduce floods along
the Cache la Poudre River, cumulative effects associated with this project along the South
Platte River would likely be minor.

Water Infrastructure and Supply Efficiency

The WISE Partnership is a collaborative effort among several water providers in the Denver
Metropolitan area to cooperatively use existing diversion and treatment infrastructure and
existing supplies to help meet a portion of their existing and future water supply needs. A
fundamental goal of WISE is to reduce the reliance of SMWSA members on nonrenewable
groundwater and to create a dependable, renewable surface water supply for SMWSA
members. When available, Aurora Water and Denver Water would provide excess reusable
return flows to SMWSA WISE participants. The WISE Partnership would be implemented
in phases. WISE deliveries are anticipated to begin in 2016 (prior to the Moffat Project
becoming operational).

The water available to the SMWSA WISE participants is a mix of Denver Water’s and
Aurora Water’s excess reusable supplies. Denver Water and Aurora Water have portions of
their water supplies that are not fully used in all years. These excess reusable return flows
are discharged to the South Platte River at the Metro WWTP, Sand Creek and Bi-City
WWTPs. The WISE Partnership would rely on existing infrastructure to deliver, treat and
store water. Aurora Water’s PWP will divert both Denver Water’s and Aurora Water’s
excess reusable return flows downstream of the Metro WWTP using an alluvial well field
near Brighton. The excess reusable return flows would be conveyed to the recently
constructed Peter Binney Water Purification Facility and delivered to SMWSA WISE
participants through the existing East Cherry Creek Valley western pipeline.

WISE deliveries are scheduled to begin in 2016 with initial deliveries of about 1,000 AF
annually. The project would gradually increase deliveries to more participants in future
phases as additional connecting delivery infrastructure is built and as Denver Water and
Aurora demands increase over time, resulting in additional excess return flows. The WISE
Project would eventually deliver an average of 10,000 AF/yr to SMWSA WISE
participants; however, the supply would be variable from year to year. In some years there
may be no excess reusable return flows or infrastructure capacity available for the SMWSA
WISE participants because both Denver Water and Aurora Water may take delivery of their
excess reusable supplies through the PWP for their own use, either fully utilizing their
reusable supplies or the capacity of the PWP system.
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The excess reusable water supplies that would be used by WISE were also evaluated by the
Corps in the alternatives analysis for the Moffat Project. Alternatives 7, 8, 10, 11, and 14
are variations of indirect potable reuse alternatives that involve treating reusable water,
storing it and delivering it back to the Moffat Collection System. Two of the five Moffat
Project EIS alternatives (i.e., 8a and 10a) use the same excess reusable water supplies
identified as a source of water for WISE. For a complete description of the alternatives
analysis, refer to Section 2.1 and Appendix B.

The WISE Project was not incorporated in PACSM for the Moffat Project EIS because
there was not sufficient information available to accurately define this action in the model.
The cumulative effects of the WISE Project would be to decrease South Platte River flows
below Brighton as Denver Water and Aurora continue to more fully use their excess reusable
supplies for that project. However, additional flow reductions in the South Platte River are
expected to be nominal because the supplies to be used would be increased future return
flows from Denver and Aurora as these cities grow.

West Slope Projects

Windy Gap Firming Project (WGFEP)

The Municipal Subdistrict of the NCWCD, on behalf of several of the Windy Gap Project
unit holders and the Middle Park Water Conservancy District (MPWCD), is proposing to

improve the firm yield from the existing Windy Gap Project water supply by constructing
the Windy Gap Firming Project (WGFP). The U.S. Department of the Interior, Bureau of
Reclamation (Reclamation) issued the WGFP Draft EIS in August 2008 and Final EIS in

November 2011. The WGFP is anticipated to be on line by 2017.

The Subdistrict’s proposed action is the construction of a 90,000 AF Chimney Hollow
Reservoir located just west of Carter Lake on the East Slope. This project is anticipated to
result in additional surface diversions at the Windy Gap Project diversion site on the
Colorado River, which is downstream of the confluence of the Colorado and Fraser rivers.
The WGFP is anticipated to generate approximately 26,000 AF/yr of firm yield for the
project participants.

The cumulative effect of the WGFP would be to reduce flows in the Colorado River
downstream of the Windy Gap diversion in average and wet years. Data obtained from
NCWCD was generated using the WGFP model for the WGFP EIS. Model results were
provided for the proposed action, Chimney Hollow Reservoir with prepositioning, which
was analyzed in the EIS. Monthly WGFP model output provided by NCWCD includes
Adams Tunnel C-BT and Windy Gap deliveries (separately), Windy Gap demands, Windy
Gap deliveries from Chimney Hollow and Granby Reservoir to meet demands, Windy Gap
pumping, Willow Creek Feeder Canal diversions, Willow Creek Reservoir end-of-month
storage contents, Granby Reservoir end-of-month storage contents by account (C-BT,
Windy Gap, and dead storage), and flow data at the Colorado River below Granby
Reservoir gage (09019500), Colorado River below the Windy Gap diversion, Willow Creek
at the confluence with the Colorado River, and Fraser River at the Granby gage
(09034000). PACSM was configured to reflect similar Windy Gap demands, diversions,
and deliveries. This was accomplished by modifying the demands placed at the Windy Gap
and Adams Tunnel nodes in PACSM to match the data provided by NCWCD.
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Coordination of Hydrologic Effects Assessments for the Moffat Project and the Windy
Gap Firming Project. The Moffat Project EIS and the WGFP EIS used similar computer
models to develop hydrologic information for analysis of their respective EIS alternatives.
PACSM was used for the Moffat Project EIS. The WGFP model was developed using the
Boyle Engineering Stream Simulation Model, which was used in combination with the
Upper Colorado Water Resource Planning Model from the Colorado Decision Support
System (CDSS) model. The WGFP model simulated Windy Gap Facilities (both existing
and potential Windy Gap Firming Project Facilities) and East Slope C-BT facilities and
operations, using divertable flows developed with the CDSS model (which covers the
Colorado River drainage from the headwaters at the Continental Divide to the
Colorado-Utah State line). All three models incorporate a “direct solution algorithm”
(versus models that optimize allocation of water among competing uses based on “costs”
that represent water right seniorities and operating rules). The primary modeling
approaches incorporated in the Moffat Project and the WGFP hydrologic effects
assessments are compared and contrasted below, followed by comparisons of modeling
results for “Current Conditions” and for “Direct and Cumulative Effects.”

e Both models are water allocation and accounting models that simulate river basin
operations and account for inflows, diversions, river gains and losses, reservoir
operations, and water rights using water allocation priorities. PACSM, the WGFP
model, and the CDSS model all use a direct solution algorithm to allocate water
according to physical, hydrological, and institutional parameters.

e The West Slope portions of PACSM and the CDSS model cover similar geographic
areas, water rights, instream flow reaches and facilities including diversions, gages, and
reservoirs.

e The study periods selected for both models are similar and both periods incorporate a
range of wet, dry, and average years. The WGFP model study period extends 47 years
from 1950 through 1996, while the PACSM study period extends 45 years from 1947
through 1991.

e Both models represent the water supply system as a series of linked nodes, which
correspond to actual physical features such as diversion structures, reservoirs, instream
flow reaches, demands, or stream gages. The models simulate the flow of water from
node to node based on available flow, water rights, diversion or storage capacity, and
water demand.

e The WGFP model operates on a monthly time step. PACSM was originally developed
to operate on a monthly time step, but is now operated on a daily time step to simulate
diversions and operations in a very broad geographic area involving many small streams
and daily modifications to reservoir operations in response to numerous downstream
minimum flow requirements, multi-party exchange agreements, and other factors. The
WGFP model is supplied by a single point of diversion on a larger stream that, while
affected by downstream flow requirements, is not subject to the multitude of daily
operational decisions that affect Moffat Collection System operations now and into the
future. PACSM is a more general use model that has applications ranging from
long-term yield analysis to detailed facility operations. The purpose of the WGFP
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model is focused on long-term yield analysis and reasonable assessment of hydrologic
effects to comply with Federal permitting processes for the WGFP.

e Data preparation for both models required that inconsistencies between estimated
baseflows and corresponding gains and losses be reconciled in situations where there is
a lack of available gage data. When available, both modeling approaches typically use
gaged flow data directly to estimate baseflows. However, when gage flow data are
unavailable, either the missing gage flow data must be estimated and input into the
baseflow calculation or the baseflow must be estimated. Differences in the techniques
used to estimate baseflows can result in differences in simulated flows at locations
where there are limited available gage data.

e Estimated historic ditch diversions and associated return flows can vary between the
models where there is a lack of historic diversion data for modeled ditches. To estimate
baseflows and simulate diversions for these ditches, historic diversions must be
estimated. In addition, the timing and amount of return flows associated with
agricultural and municipal use are included in the calculation of baseflows and reflected
in simulated flows. To the extent that there are differences in the techniques used to
estimate historic diversions and the timing and amount of return flows, there can be
differences in baseflows and simulated flows.

e The WGFP model does not forecast Granby Reservoir spills and therefore simulates
larger Windy Gap diversions than does PACSM, but with subsequent Granby Reservoir
spills in wet years. Since the WGFP does not take into account whether Granby
Reservoir is nearing a spill condition, the model simulates pumping of Windy Gap
water into Granby Reservoir early in the runoff season (April and May) in some wet
years that is spilled from Granby Reservoir in succeeding months (June and July).
While the depletive effects on the Colorado River downstream of the Windy Gap
diversion are the same on an annual basis with or without a forecasting function, the
timing of flows on a monthly basis is affected in these years. PACSM incorporates a
forecasting function for Granby Reservoir so that Windy Gap does not pump after
Granby Reservoir reaches a certain level.

e For the WGFP cumulative effects analysis, Denver Water’s average annual demand
reflected in the WGFP model is 393,000 AF/yr, which is 30,000 AF/yr higher than the
average annual demand of 363,000 AF/yr reflected in PACSM for the Moffat Project
cumulative effects analysis. The higher demand used in the WGFP model considers
Full Use of Denver Water’s Existing System with a Moffat Project on line including use
of Denver Water’s 30,000 AF Strategic Reserve. This approach in the WGFP EIS tends
to overstate the cumulative effects of the two projects.

Current Conditions. Prior to initiating the modeling of EIS alternatives and cumulative
effects for the Moffat Project and WGFP, the lead Federal agencies for the EISs convened a
process to compare hydrologic modeling approaches and tools. This process included
reviews of Windy Gap diversions, Granby Reservoir, and Adams Tunnel flows simulated in
PACSM for the Moffat Project and Moffat Tunnel and Roberts Tunnel flows simulated in
the CDSS and WGFP models. This process also included a detailed comparison of flows in
the vicinity of the projects’ diversions, which was summarized in the technical
memorandum, Comparison of Fraser River Flows Simulated in the WGFP CDSS model
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with those simulated in PACSM (Boyle 2005). CDSS model and PACSM results were
compared for the Current Conditions model scenario, which reflects existing conditions
(current project facilities, operations, consumptive and non-consumptive water rights
including instream flow rights, demand levels, operating rules and constraints, and other
water management considerations and preferences) throughout the Colorado River Basin in
Colorado. The Current Conditions scenario includes the Windy Gap Project as it currently
exists without firming storage and no Moffat Project on line. Model results were compared
in the Fraser River Basin at the St. Louis Creek near Fraser gage (USGS gage 09026500),
the Fraser River near Winter Park gage (USGS gage 09024000), and the Fraser River at
Granby gage (09034000). These locations reflect spatially distributed locations comprised
of tributary and mainstem flows in the upper and lower portions of the Fraser River Basin.

PACSM and CDSS simulated flows compare well, with excellent correlation high in the
basin, which indicates both models represent diversions, return flows, and gains and losses
in the Fraser River Basin in a similar manner. Both models simulate virtually the same
flow at the St. Louis Creek and Fraser River near Winter Park gages. Differences in
PACSM and CDSS model simulated flows are greater, lower in the Fraser River Basin at
the Fraser River near Granby gage due primarily to the lack of available gage data upon
which to estimate baseflows and gains and losses. However, average monthly differences
at the Granby gage are still less than 4% during the runoff season from May through July,
which are important months in relation to Denver Water and Windy Gap diversions.

Direct Effects and Cumulative Effects. Both models are used to simulate operations of EIS
alternatives. Where possible, model data were shared between the two projects to ensure
that the WGFP and Moffat Project were reflected in a similar manner in each model.

In the Draft WGFP EIS (August 2008), the direct effects analysis was based on a
comparison of Current Conditions and the hydrologic conditions simulated for each EIS
alternative. For the WGFP, the direct effects analysis did not include the Moffat Project
since it originally was not anticipated to be on line until 2016 per the Moffat Project
Purpose and Need Statement as stated in the Draft EIS. Therefore, WGFP used output from
PACSM for the Current Conditions model scenario, which includes Denver Water’s
average annual demand at 285,000 AF/yr without a Moffat Project on line. Monthly
trans-basin diversion data for the Roberts Tunnel, Gumlick Tunnel, and Moffat Tunnel
were incorporated as fixed demands in the WGFP model at those structures. For its
cumulative effects analysis, the WGFP modeling simulated the new Moffat Project on line
with 72,000 AF of additional East Slope storage in the Moffat system and Denver Water’s
average annual demand at 393,000 AF/yr.

For the Moffat Project, the direct effects analysis was based on a comparison of Full Use of
the Existing System and each EIS alternative. For the direct effects hydrologic analysis, the
WGFP was simulated being on line prior to the Moffat Project becoming operational and
output from the WGFP model was incorporated for the proposed action, Chimney Hollow
Reservoir with prepositioning. Therefore, the Moffat Project used the following WGFP
model output for use in PACSM: Adams Tunnel C-BT and Windy Gap deliveries
(separately); Windy Gap demands; Windy Gap deliveries from Chimney Hollow and
Granby Reservoir to meet demands; and Windy Gap pumping. PACSM was configured to
reflect similar Windy Gap demands, diversions and deliveries by modifying the demands
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placed at the Windy Gap and Adams Tunnel nodes in PACSM to match the data provided
from the WGFP modeling. The cumulative effects analysis was also based on a
comparison of Full Use of the Existing System and each EIS alternative since reasonably
foreseeable water-based actions were simulated to occur prior to the Moffat Project
becoming operational and were therefore already considered in the direct effects analysis.

The cumulative effects analysis for the WGFP and Moffat Project were coordinated, and
considered the same reasonably foreseeable water-based actions shown in Table 4.5.3-1.
There are cases where simulated flows in the models differ primarily because Denver
Water’s average annual demand reflected in the WGFP model is 30,000 AF/yr higher than
in PACSM. A comparison of model results shows that WGFP modeled flows are generally
lower throughout the study area below Denver Water’s diversion points because Denver
Water’s trans-basin diversions are higher in order to meet a higher demand. In addition,
PACSM incorporates a Granby Reservoir forecasting function which affects Windy Gap
pumping and the timing of Granby Reservoir spills in wet years. Without a Granby
Reservoir forecasting function, flows in the WGFP model below Granby Reservoir and the
Windy Gap diversion tend to be lower in April and May due to additional Windy Gap
diversions and higher in June and July due to additional Windy Gap spills from Granby
Reservoir.

Urban Growth in Grand and Summit Counties

The population in Grand and Summit counties is expected to more than double over the
next 25 years, from a year-round population of about 39,000 in 2005 to about 79,000 in
2030 (ERO 2007). Most growth in Grand County is likely to occur in the Fraser River
Basin while future increases in water use in Summit County would occur primarily in the
Blue River Basin. Approximately 70% of the total existing and future water demands in
Grand County are for water providers in the Fraser River Basin with supply sources derived
from alluvial wells and surface water diversions from the Fraser River and its tributaries.
The largest growth in water demands in the Fraser River Basin is expected to occur in areas
served by the Grand County Water and Sanitation District No. 1, the Town of Fraser, and
Silver Creek Resort. The Grand County Water and Sanitation District No. 1, which serves
areas along the Fraser River to the north of Winter Park, is the single largest water provider
in Grand County. The largest growth in water demands in the Blue River Basin is expected
to occur in areas below Dillon Reservoir including the towns of Silverthorne, Eagles Nest,
and Mesa Cortina.

Build-out municipal and industrial demands are estimated to be 16,168 AF for Grand
County and 17,940 AF for Summit County as identified in the Upper Colorado River Basin
Study (UPCO) (Hydrosphere 2003). The UPCO was initiated in early 1998 to identify and
investigate water quantity and quality issues related to expected increases in Front Range
and Colorado River headwater demands associated with continuing growth and economic
development.

The timing of these future demands depends upon economic development trends in the
respective service areas of the individual water providers. While it is uncertain when
build-out conditions may occur for individual entities in Grand and Summit counties, the
Corps concurred with Denver Water’s approach to include build-out demands in PACSM to
reflect the maximum potential hydrologic effect that would occur due to urban growth in

4-26 Reasonably Foreseeable Future Actions



Chapter 4 - Total Environmental Effects

these counties. PACSM was configured to reflect indoor, outdoor, and snowmaking
build-out diversions, depletions, and return flows in Grand and Summit counties. The
monthly distributions of the build-out demands, efficiencies, and locations and timing of
snow making and outdoor use return flows were based on data obtained for the UPCO.
Increased water use and wastewater discharges are expected to result in changes in stream
flow and water quality and contribute to cumulative effects. Because build-out demands in
Grand and Summit counties are included in PACSM, the associated hydrologic effects are
evaluated and presented in Appendix H.

Based on PACSM results, municipal and domestic water supplies in the Fraser River Basin
were adequate for existing levels of water demand, but several water providers would
experience shortages under build-out demands as shown in Table 4.5.3-3. Shortages would
be most severe for the Grand County Water and Sanitation District and the Town of Fraser,
averaging 358 AF/yr and 247 AF/yr, respectively. These shortages would occur primarily
in the fall and winter months as a result of lack of physical supply and Denver Water’s
upstream diversions. Other water supply systems that would experience shortages to a
lesser degree under build-out conditions, include the towns of Hot Sulphur Springs and
Kremmling, Winter Park West Water and Sanitation District, and Silver Creek Resort.

PACSM results showed that most water providers in Summit County have sufficient water
supplies to cover current levels of demand. However, under build-out demands, nearly
two-thirds of the providers are expected to have demands that exceed their current water
rights and/or water availability as shown in Table 4.3.1-3. The largest shortages are
predicted for the Blue River upstream of Dillon Reservoir, Snake River upstream of Dillon
Reservoir, and Tenmile Creek upstream of Dillon Reservoir.

Reduction of Xcel Energy’s Shoshone Power Plant Call

The Shoshone Hydropower Plant, which is owned by Xcel Energy, has a senior water right
to divert 1,408 cfs from the Colorado River 8 miles east of Glenwood Springs. Denver
Water and Xcel Energy have negotiated an agreement to periodically invoke a relaxation of
the Shoshone Call at times when flows are less than 1,408 cfs at the point of diversion. The
agreement to relax the call could result in a one-turbine call of 704 cfs, which would be
managed in such a way to avoid a Cameo Call. The Cameo Call refers to a senior water
right located near Grand Junction. The Shoshone Call could be increased above 704 cfs as
needed to keep the Cameo water rights satisfied. The Shoshone Call relaxation could be
invoked if, in March, Denver Water predicts its total system storage to be at or below 80%
on July 1 that year, and the March 1 Natural Resources Conservation Service (NRCS)
forecast for Colorado River flows at Kremmling or Dotsero are at or below 85% of average.
The Shoshone Call relaxation could be invoked between March 14 and May 20.

Denver Water would make available 15% of the “net water” stored or diverted by Denver
Water by virtue of the call relaxation for Xcel Energy. Net water is water stored, less water
subsequently spilled, after filling. In addition, Denver Water would make available 10% of
the net water stored or diverted by Denver Water by virtue of the call relaxation to West
Slope entities. The West Slope beneficiaries and the timing and amount of deliveries are
not specified, but the agreement states how the timing and amount of deliveries will be
decided. The term of this agreement is from January 1, 2007 through February 28, 2032.
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Table 4.3.1-3
Summary of Grand County and Summit County Demands and Shortages for Full Use with a Project Alternative with RFFAs (2032)

Grand County Average Annual Demands and Shortages (AF/yr)

Water Provider

Current Conditions
(2006)

Difference in Build-out Shortage with the Alternatives

Full Use of the

Proposed Action

Alternative 1c

Alternative 8a

Alternative 10a

Alternative 13a

Existing System with RFFAs with RFFAs with RFFAs with RFFAs with RFFAs
Diversion Differ- Differ- Differ- Differ- Differ-

Node TN —— Demand Shortage | Demand | Shortage | Shortage . Shortage o, Shortage iy Shortage iy Shortage ey
Columbine

1065 Lake WD 157 0 303 0 0 0 0 0 0 0 0 0 0 0

1070 | Town of Grand 198 0 1,262 1 1 0 1 0 1 0 1 0 1 0
Lake

1400 | Hot Sulphur 113 0 1,668 70 70 0 70 0 70 0 70 0 70 0
Springs

1700 | Townof 443 0 889 33 32 0 32 0 32 0 32 0 33 0
Kremmling
Winter Park

2130 | Rec and W&S 149 0 500 6 6 0 6 0 6 0 6 0 6 0
(Indoor)
Winter Park

2390 | Rec. 195 0 470 0 0 0 0 0 0 0 0 0 0 0
(Snowmaking)
Grand County

2360 W&SD 688 0 3,713 358 364 6 364 6 364 6 364 6 364 6
Winter Park

2620 West W&SD 455 0 617 29 29 0 29 0 29 0 29 0 29 0

2640 | Town of Fraser 310 0 3,326 247 247 0 247 0 247 0 247 0 247 0

2850 | Silver Creek 186 0 2951 18 18 0 18 0 18 0 18 0 18 0
Resort

2880 | Townof 229 0 465 6 6 0 6 0 6 0 6 0 6 0
Granby
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Table 4.3.1-3 (continued)
Summary of Grand County and Summit County Demands and Shortages for Full Use with a Project Alternative with RFFAs (2032)

Summit County Average Annual Demands and Shortages (AF/yr)

Water Provider

Current Conditions

Difference in Build-out Shortage with the Alternatives

Full Use of the

Proposed Action

Alternative 1c

Alternative 8a

Alternative 10a

Alternative 13a

(2006) L ; . . ; -
Existing System with RFFAs with RFFAs with RFFAs with RFFAs with RFFAs
Diversion Differ- Differ- Differ- Differ- Differ-
Node NET Demand Shortage | Demand | Shortage | Shortage . Shortage . Shortage ence Shortage ence Shortage ence
4100 | Arapahoe Basin 45 1 299 60 60 0 60 0 60 0 60 0 60 0
Snowmaking
Keystone-
4115 | Montezuma 0 0 30 5 5 0 5 0 5 0 5 0 5 0
Domestic
Keystone Snake
4135 | River 626 151 1,159 181 181 0 181 0 181 0 181 0 181 0
Snowmaking
4140 | Keystone Gulch 0 0 78 9 9 0 9 0 9 0 9 0 9 0
a145 | Keystone Golf 174 0 175 0 0 0 0 0 0 0 0 0 0 0
Course
4150 | Keystone Ranch 273 0 279 0 0 0 0 0 0 0 0 0 0 0
4120 \S/\’I‘gke River 613 2 1,903 24 24 0 24 0 24 0 24 0 24 0
4225 | East Dillon WD 292 0 623 1 1 0 1 0 1 0 1 0 1 0
4065/ Town of
4070/ . 2,330 1 3,506 2 2 0 2 0 2 0 2 0 2 0
Breckenridge
4090
Breckenridge
4085 169 2 169 3 3 0 3 0 3 0 3 0 3 0
Golf Course
4055 | Breckenridge 541 0 809 1 1 0 1 0 1 0 1 0 1 0
Ski Resort
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Table 4.3.1-3 (continued)
Summary of Grand County and Summit County Demands and Shortages for Full Use with a Project Alternative with RFFAs (2032)

Summit County Average Annual Demands and Shortages (AF/yr)

Difference in Build-out Shortage with the Alternatives

Current Conditions

Water Provider (2006) Full Use of the Proposed Action Alternative 1c Alternative 8a Alternative 10a Alternative 13a
Existing System with RFFAs with RFFAs with RFFAs with RFFAs with RFFAs
Diversion Differ- Differ- Differ- Differ- Differ-
Node NETG Demand Shortage | Demand | Shortage | Shortage v, Shortage T Shortage ence Shortage ence Shortage ence
Copper
4170 | Mountain 266 0 1,111 18 18 0 18 0 18 0 18 0 18 0
W&SD
Copper
4175/ | Mountain
4180 | (outdoor & 488 0 850 0 0 0 0 0 0 0 0 0 0 0
snowmaking)
4205 | Town of Frisco 846 0 1,975 0 0 0 0 0 0 0 0 0 0 0
4290 | Dillon Valley 327 0 402 0 0 0 0 0 0 0 0 0 0 0
demand
4295 | Town of Dillon 330 0 701 0 0 0 0 0 0 0 0 0 0 0
Buffalo
4340 | Mountain/ 297 0 744 0 0 0 0 0 0 0 0 0 0 0
Mesa Cortina
4350 | rownof 754 0 2,124 0 0 0 0 0 0 0 0 0 0 0
Silverthorne
4400 | Eagle’s Nest 331 0 1,005 0 0 0 0 0 0 0 0 0 0 0
Notes:
RFFA = reasonably foreseeable future action W&SD = Water & Sanitation District
W&S = water & sanitation WD = Water District
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The future operation of the Shoshone Call reduction was not reflected in PACSM because it
currently is a temporary arrangement that would only occur under certain conditions which
are difficult to include in the model because the conditions are based on forecasted values.
Therefore, the hydrologic effect of this action is discussed qualitatively.

The triggers that permit a relaxation of the Shoshone Call are based on forecasts of Denver
Water’s total system storage and the March 1 NRCS forecast for Colorado River flows at
Kremmling or Dotsero. Historical Denver Water reservoir contents and stream flow
forecast data were relied on to evaluate how often the call relaxation would have potentially
been invoked from 1947 through 2002. Because historical forecasts of Denver Water’s
July 1 reservoir contents are lacking, historical July 1 reservoir contents were reviewed for
the period from 1947 through 2002. Historical reservoir contents provide a reasonable
indication of whether the first trigger condition would have been met. Denver Water’s total
system storage was less than 80% on July 1 in 1951, 1954, 1955, 1956, 1957, 1963, 1964,
1965, 1977, 1978, and 2002. While Denver Water’s total system storage was less than 80%
onJuly 1 in 1957 and 1965, it was over 90% later in July and August in both of those years.
Both 1957 and 1965 were relatively wet years; however, flows were above average
primarily after the March through May period affected by the call relaxation. Without
historical forecast data, it is difficult to predict whether the Shoshone Call relaxation would
have been invoked in years 1957 and 1965.

The second trigger condition that must be met to invoke the call relaxation involves NRCS
forecast data for Colorado River flows at Kremmling or Dotsero. Prior to 2005, stream
flow forecasts for the Colorado River at Kremmling were not yet made by the NRCS.
Therefore, the analysis relied on stream flow forecasts for the Colorado River at Dotsero
that exist for the period from 1969 through 2005. Since Dotsero forecast data does not exist
prior to 1969, the evaluation of whether the Shoshone Call would have been invoked during
the period from 1947 through 1968 only considered Denver Water’s historical storage
contents. From 1969 through 2005, there were only 3 years that Denver Water’s total
system storage on July 1 was less than 80%: 1977, 1978, and 2002. Of those years, only
1977 and 2002 had March forecasts that were less than 85% or average.

Based on historical July 1 storage contents in Denver Water’s reservoirs and available
stream flow forecast data for the Colorado River at Dotsero, the Shoshone Call relaxation
may have been invoked in about 8 to 10 years during the period 1947 through 2002, or
roughly 1 out of every 6 to 7 years. Since 2002, the Shoshone Call was relaxed from
March 14 through May 20 inclusive in 2003 in accordance with a March 21, 2003
agreement between Denver and the Colorado River Water Conservation District
(CRWCD). The agreement to relax the call in 2003 was not based on the triggers specified
in the current agreement. In addition, there was no formal call relaxation in 2004 since the
Shoshone Power Plant was not in a position to call for water from March 10 through

July 12 inclusive because the plant was down for maintenance.

The relaxation of the Shoshone Call would allow diverters that would otherwise be called
out to divert water in-priority even if they are junior to the Shoshone Power Plant water
rights. Because more diversions would be made in-priority, releases from reservoirs such
as Green Mountain, Wolford Mountain, and Williams Fork Reservoir for exchange or
substitution purposes would also be less. Increased in-priority diversions and reduced
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reservoir releases for exchange and/or substitution would decrease flows in the upper
Colorado River Basin during the relaxation period.

A Shoshone Call relaxation may occur most frequently under the No Action Alternative
compared to Current Conditions (2006) and the action alternatives. Without additional
storage on line and the increase in Denver Water’s demand, the trigger condition, which is
based on forecasts of Denver Water’s total system storage, would likely be met more
frequently under the No Action Alternative. Changes in diversions and reservoir releases
under a Shoshone Call relaxation would likely be similar under the No Action Alternative
compared to Current Conditions and the action alternatives, however, the frequency the
Shoshone Call would be relaxed would likely be greater under the No Action Alternative.

The magnitude and timing of flow reductions attributable to a Shoshone Call relaxation
could vary widely from year to year and would depend on many factors including stream
flows, storage contents, project operations, and bypass/instream flow requirements.
Therefore, it is difficult to quantify potential hydrologic effects associated with a call
reduction. Data from 2003 and 2004 have been relied on to characterize the magnitude of
hydrologic effects that have occurred historically due to a reduction in the Shoshone Call.
The Shoshone Call was relaxed in 2003 under an agreement for that year only, and in 2004
when the Shoshone plant was non-operational for scheduled maintenance. Table 4.3.1-4
summarizes the gains to key upstream entities due to the relaxation of the Shoshone Call in
2003 and 2004 from March 14 through May 20 inclusive, as quantified by Denver Water
and reviewed by Reclamation, the CRWCD, and others. In 2003 and 2004 the flow
reductions due to a relaxation of the Shoshone Call totaled 21,234 AF and 26,841 AF,
respectively.

Table 4.3.1-4
Historical Gains from Shoshone Call Relaxation
March 14 through May 20 Inclusive

Project/Water Rights 2003‘(2:)'”81'2 200£(1AGFa)unsl
Continental Hoosi_er Project 1 212
(1929 and 1948 Rights)

Green Mountain Reservoir 6,415 6,190
Wolford Mountain Reservoir 2,036 5,708
Moffat Tunnel® 388 1,124
Williams Fork Reservoir (1935 Right) 1,350 5,869
Roberts Tunnel 974 6,833
Dillon Reservoir 2,027 315
Windy Gap 7,850 0
Homestake Project 193 590
Total 21,234 26,841

Notes:

'Gains were calculated as if the Shoshone Calls were 1,300 and 1,500 cfs, respectively, as opposed to 1,250 cfs and 1,408 cfs; therefore,
gains are overestimated slightly.

“Meadow Creek Reservoir gained 432 AF in 2003 due to the Shoshone Call relaxation. Gains in 2004 were not quantified.

*The gains to the Moffat Tunnel were realized at Williams Fork Reservoir because exchange releases from Williams Fork Reservoir were
not required. This water would have been diverted through the Moffat Tunnel regardless of the Shoshone Call relaxation; however,
because the call was relaxed, those diversions were not out-of-priority and therefore did not require exchange releases from Williams
Fork Reservoir.
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The key projects/water rights that benefited from a reduction of the Shoshone Call in 2003
and 2004 included the Continental-Hoosier Project, Green Mountain Reservoir, Wolford
Mountain Reservoir, Denver Water (Moffat Tunnel, Williams Fork Reservoir, Roberts
Tunnel, and Dillon Reservoir), Windy Gap, and the Homestake Project.

When the Shoshone Call is reduced, the projects/facilities listed in Table 4.3.1-4 would be
able to divert more water in-priority even if they are junior to the Shoshone Power Plant
water rights. Because more diversions would be made in-priority, releases from reservoirs
such as Green Mountain, Wolford Mountain, and Williams Fork reservoirs for exchange or
substitution purposes would be less. Increased in-priority diversions and reduced reservoir
releases for exchange and/or substitution would decrease flows in the upper Colorado River
Basin primarily in the Williams Fork River, Muddy Creek, the Blue River, and the
Colorado River mainstem below the Windy Gap diversion during the relaxation period.
The only changes in flows outside of the relaxation period would be due to differences in
substitution releases from Wolford Mountain and Williams Fork reservoirs. However,
differences in substitution releases would not change flows in the Colorado River below the
confluence with the Blue River since these releases are made in place of Green Mountain
Historic User’s Pool releases. Note that flows in the Fraser River Basin during the
relaxation period would likely not be affected because Denver Water diverts regardless of
the Shoshone Call and exchanges with releases from Williams Fork Reservoir to cover
out-of-priority diversions. The Shoshone Agreement does not provide additional water to
the Moffat Collection System because Denver Water retains enough water in Williams Fork
Reservoir to exchange against out-of-priority diversions in the Moffat Collection System.
The relaxation of the Shoshone Call did increase Denver Water’s ability to exchange water
to Dillon Reservoir and Roberts Tunnel in 2003 and 2004 thereby increasing the supply in
Denver Water’s South System. Flows in the Fraser River Basin could potentially be higher
outside of the relaxation period if Denver Water increases bypasses in a manner similar to
2003 as part of the 10% water owed to West Slope entities.

Additional storage in Williams Fork Reservoir could result in additional exchanges to
Denver Water’s Blue River system in the year the call is relaxed and possibly subsequent
years. Williams Fork Reservoir benefited from a reduction of the Shoshone Call in both
2003 and 2004. Williams Fork Reservoir stored more water in-priority and had to release
less water to exchange against Denver Water’s out-of-priority diversions at Dillon
Reservoir and Roberts Tunnel. In addition, 2003 would have been a substitution year and
the 2004 substitution would have been greater had it not been for the Shoshone Call
relaxation. Denver Water relies on Williams Fork and Wolford Mountain reservoirs to
replace (substitute) what is owed to Green Mountain Reservoir if it does not fill. With a
call reduction, Green Mountain Reservoir is in-priority to store more in-flow below Dillon
Reservoir, therefore, the call reduction can reduce the amount owed by Denver Water. A
reduction in substitution releases would reduce flows below Williams Fork and Wolford
Mountain reservoirs primarily in the fall when these releases are typically made. Had 2003
and 2004 been substitution years, the benefits to Denver Water shown in Table 4.3.1-4
would have been less and substitution releases would have been required. The reach of
river affected by increased diversions to storage and reduced substitution releases from
Williams Fork and Wolford Mountain reservoirs is the Williams Fork River below
Williams Fork Reservoir, Muddy Creek below Wolford Mountain Reservoir, the Blue
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River below Green Mountain Reservoir, and the Colorado River below the confluence with
the Williams Fork River. Differences in substitution releases would not change flows in the
Colorado River below the confluence with the Blue River.

Changes in Releases from Williams Fork and Wolford Mountain Reservoirs to Meet
USFWS Flow Recommendations for Endangered Fish in the 15-Mile Reach
(“10,825 Water”’)

The Programmatic Biological Opinion for the recovery of endangered fish includes a
provision for East Slope and West Slope water users to split equally the delivery of

10,825 AF of water (colloquially referred to as “10,825 Water”) to the 15-mile reach of the
Colorado River east of Grand Junction. An agreement exists between Denver Water, the
CWCB, and the U.S. Fish and Wildlife Service (USFWS), for the interim provision of
water to the 15-mile reach of the Colorado River near Grand Junction as part of the
recovery program. A similar agreement exists between CRWCD, CWCB, and the USFWS.
These agreements provide for the total release of 10,825 AF of water annually from both
Williams Fork and Wolford Mountain reservoirs (5,412.5 AF from each reservoir) to meet
USFWS flow recommendations for the 15-mile reach of the Colorado River.

These contracts expired in 2010. The agreements were extended in 2010 for an additional
3-year term, with a possible extension of two additional 1-year terms upon mutual
agreement with the USFWS. Denver Water and the CRWCD have said they do not plan to
continue making these releases from Williams Fork and Wolford Mountain reservoirs in the
future. PACSM was configured so that releases of water from Williams Fork and Wolford
Mountain reservoirs for the endangered fish in the 15-mile reach do not occur since this
action will occur prior to the Moffat Project becoming operational. This action affects the
timing and quantity of reservoir storage and releases and the flows in Williams Fork River
and Muddy Creek below the reservoirs. Fish releases from these reservoirs have
historically been made in the late summer and fall when flows drop below the USFWS flow
recommendations. When fish releases are not made from Williams Fork and Wolford
Mountain reservoirs, flows in the Williams Fork River, Muddy Creek, and Colorado River
downstream of the confluence with these tributaries would be less by a commensurate
amount in the fall. The reduction in fish flow releases could be offset by a corresponding
change in the amount of water stored in these reservoirs on average. Less water would
need to be stored during the runoff season to replace these releases. Therefore, flows in the
Williams Fork River, Muddy Creek, and Colorado River downstream of the confluence
with these tributaries would be higher when Williams Fork and Wolford Mountain
reservoirs fill and spill. Changes in Williams Fork and Wolford Mountain reservoir storage
and releases due to this action would affect the timing of flows below these reservoirs, but
would have little effect on the annual quantity of flow on average.

In April 2012, Reclamation issued a Final Environmental Assessment (EA) and Finding of
No Significant Impact (FONSI) for a permanent source of the 10,825 Water. Water users
and Reclamation are currently discussing the terms and conditions of water contracts that
would formalize the release of water from Ruedi and Granby reservoirs. If these contracts
are not finalized prior to the expiration of the existing contracts that use Williams Fork and
Wolford Mountain reservoirs, interim measures would have to be implemented. The source
and location of any releases of the 10,825 Water in the interim period between when the
agreements expire and permanent sources are implemented has not been determined.
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Potential interim sources of water could include temporary use or leasing of water from
existing facilities. Potential new, permanent water sources for release of the 10,825 Water
were evaluated in the 10,825 Water Supply Study, which was a collaborative study initiated
by a broad coalition of East and West Slope stakeholders. Since the modeling was
completed for the Moffat Project EIS, the 10,825 Water Supply Study has led to the
identification of a preferred alternative, which consists of releases from Ruedi and Granby
reservoirs. Under the preferred alternative, 5,412 AF of water would be released from
Ruedi Reservoir each year, and an additional 5,412 AF would be released from Granby
Reservoir from mid-summer through the fall, at a fixed schedule that is designed to
optimize habitat in the upper Colorado River below Granby Reservoir. Release schedules
were analyzed for dry, average, and wet years, as shown on Table 2 in the Final EA. Also,
available excess storage capacity in Green Mountain and Wolford Mountain reservoirs may
be utilized (if necessary) to re-time the scheduled releases from Granby Reservoir and
optimize benefits in the 15-mile reach of the Colorado River.

While the 10,825 Water releases will no longer be made from Williams Fork and Wolford
Mountain reservoirs, half of the 10,825 AF/yr release will be made from Granby Reservoir
under the preferred alternative. This will offset approximately half of the flow reduction
currently reflected in PACSM that would occur in the fall in the Colorado River below the
confluence with Williams Fork River and Muddy Creek due to the cessation of

10,825 Water releases from Williams Fork and Wolford Mountain reservoirs.

Wolford Mountain Reservoir Contract Demand

According to the CRWCD, the demand for contract water out of Wolford Mountain
Reservoir is expected to increase in the future. CRWCD staff indicated there is currently
about 8,750 AF/yr of available contract water in Wolford Mountain Reservoir and that the
full 8,750 AF/yr would likely be contracted for in the future. In addition, MPWCD has
3,000 AF/yr of contract water in Wolford Mountain Reservoir. Under the Clinton
Reservoir Agreement, Grand County water users agreed to provide Denver Water with

613 AF/yr of replacement water, which reduces MPWCD’s contract water to 2,387 AF/yr.
The CRWCD indicated that MPWCD’s 2,387 AF/yr would likely be contracted for in the
future, and that the total future build-out demand for contract water from Wolford Mountain
Reservoir would be 11,137 AF/yr.

It was assumed that the full 11,137 AF/yr would be contracted prior to the Moffat Project
becomes operational, in which case, PACSM was configured to make releases from
Wolford Mountain Reservoir to meet the full contract demand when depletions
(consumptive use) are estimated to be out-of-priority. The specific entities that would
contract for this water in the future and the locations of the depletions have not been
identified. Thus, PACSM was configured so that Wolford Mountain Reservoir would
release to cover monthly contract depletions during the winter months (September through
March) and in summer months of dry years. In addition, releases would be made in several
average years depending on whether the Shoshone Power Plant rights were estimated to be
calling.

This action affects the timing and quantity of Wolford Mountain Reservoir storage and
releases and the flows in Muddy Creek below the reservoir. Because releases for contract
demands increase in the future, flows in Muddy Creek would increase on average by a
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commensurate amount primarily during winter months and in summer months of dry years.
However, more water would be stored during the runoff season to replace these releases, so
flows during runoff would decrease on average below the reservoir. The hydrologic effects
associated with this action were evaluated and presented in Chapter 4.

Expiration of Denver Water’s Contract with Big Lake Ditch in 2013

The Big Lake Ditch is a senior irrigation right in the Williams Fork Basin that diverts below
Denver Water’s Williams Fork Collection System and above Williams Fork Reservoir. Big
Lake Ditch diversions are currently delivered for irrigation above Williams Fork Reservoir
and for use in the Reeder Creek drainage, which is a tributary of the Colorado River.

Return flows associated with irrigation in the Reeder Creek drainage, return to the Colorado
River below the confluence with the Williams Fork.

In 1963, Denver Water entered into a contract with Bethel Hereford Ranch Inc., which
owned majority of the interest in and operated the Big Lake Ditch, whereby Denver Water
purchased such the interests. Bethel Hereford was granted a 40-year lease to continue its
operation under the condition that the acquired interests in Big Lake Ditch water rights are
not exercised if it interfered with the needs of Denver Water. The 1963 agreement was
superseded by a 1998 agreement, which extended the operation of the Big Lake Ditch
through 2013, and provided more detail on the conditions under which Denver Water would
need the water. After the contract expires in 2013, as modeled in the Full Use of the
Existing System scenario, the owner can no longer use these interests on the owner’s lands,
and return flows historically diverted under the interests will not return to Reeder Creek.

As part of the Colorado River Cooperative Agreement (CRCA), Denver Water will
participate in a joint study of how to maintain historic agricultural uses of the Big Lake
Ditch so as to maximize environmental benefit while preserving the yield Denver Water
expects from retiring the water right. If a balance between the three needs (environmental,
agricultural, and yield) can be found, Denver Water would implement the results of the
study when the Moffat Project becomes operational. Until the study is completed, Denver
Water plans to develop a short-term agreement for operations of the Big Lake Ditch beyond
2013. However, for the purpose of the EIS, Big Lake Ditch operations were modeled
assuming the existing 1998 agreement expires in November 2013 for Full Use of the
Existing System, the No Action Alternative, and the action alternatives.

Prior to 2013, in dry years, the 1998 agreement specifies that the acquired interests in the
Big Lake Ditch water rights will not interfere with Denver Water’s ability to divert water at
the existing Williams Fork Collection System or operate whenever specified storage levels
are not anticipated at Williams Fork and Dillon reservoirs. Apart from this, the ditch can
divert water, even in dry years. The non-exercise of the interests in Big Lake Ditch rights
during portions of dry years allows Denver Water to divert additional water to storage in
Williams Fork Reservoir at times that the reservoir water rights are in-priority. In these
years, diversions through the Big Lake Ditch and the corresponding consumptive use of the
water for irrigation is reduced, and irrigation return flows to Reeder Creek, a tributary to the
Colorado River, are also reduced. This affects the timing of flows in the Colorado River
below the confluence with the Williams Fork River. Likewise, after 2013, diversions
through the Big Lake Ditch and the corresponding consumptive use of the water for
irrigation under the interests is eliminated, and irrigation return flows to Reeder Creek will
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be eliminated. Depending on the year type, this may increase or decrease the overall gain
of water to the Williams Fork River and Colorado River below the confluence with the
Williams Fork River. Also, the timing of flows would change.

In the Full Use of the Existing System scenario, PACSM was configured so the Big Lake
Ditch no longer diverts water for irrigation in the Reeder Creek drainage because Denver
Water’s contract with Big Lake Ditch expires prior to the Moffat Project becoming
operational. This action affects the timing and quantity of flows in Williams Fork River
and the Colorado River. The abandonment of all Big Lake Ditch diversions to the Reeder
Creek Basin would allow Denver Water to capture additional water from Williams Fork
River for storage in Williams Fork Reservoir when its Williams Fork Reservoir water rights
are in-priority. Big Lake Ditch diversions would decrease, deliveries to the Reeder Creek
drainage would be curtailed, and all Big Lake Ditch return flows would accrue to the
Williams Fork River instead of the Colorado River below the confluence with the Williams
Fork River. The change in Big Lake Ditch operations would result in approximately
10,000 AF/yr less diverted and a corresponding increase in flows on average in the
Williams Fork River Basin. Return flows to the Reeder Creek Basin would decrease by
approximately 8,000 AF/yr. Changes in flow would be greatest from June through October
when differences in Big Lake Ditch depletions and return flows are greatest. The additional
inflow to Williams Fork Reservoir would allow Denver Water to divert additional water to
storage in Williams Fork Reservoir at times the reservoir water rights are in-priority. The
additional water stored in Williams Fork Reservoir does not result in increased diversions
to the East Slope through the Moffat Tunnel by Denver Water. The non-exercise of Denver
Water’s interest in the Big Lake Ditch rights does not affect Moffat Collection System
operations because Denver Water operates its system to retain sufficient water in Williams
Fork Reservoir to fully exchange to the Moffat Collection System. The additional supplies
in Williams Fork Reservoir could increase Denver Water’s ability to exchange to Roberts
Tunnel and Dillon Reservoir. Depending on water availability, flows in the Williams Fork
River and Colorado River below the confluence with the Williams Fork River may increase
or decrease due to the effects of this action.

Colorado Springs Utilities’ Substitution and Power Interference Agreements at Green
Mountain Reservoir

Reclamation has entered into a Green Mountain Reservoir Substitution Agreement with
Colorado Springs Utilities (Springs Utilities) and a Power Interference Agreement with
Springs Utilities and Western Area Power Administration (WAPA). Springs Utilities is
obligated to provide substitution water for diversions from the Blue River in years when
Green Mountain Reservoir does not fill. Springs Utilities previously did this on an annual
basis subject to the terms and conditions of the Blue River Decree. In May and October
2003, Springs Utilities entered into Memorandum of Agreement (MOA), which formalized
a long-term substitution plan and set forth the terms and conditions among the parties to the
MOAs regarding substitution operations by Springs Utilities. The 2003 MOAs specifically
approve the additional substitution water sources of Wolford Mountain and Homestake
reservoirs, which are beyond the sources authorized in the Blue River Decree.

The Substitution and Power Interference Agreements with Reclamation allow Springs
Utilities to comply with the Blue River Decree by approving the 2003 MOAs as Springs
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Utilities’ substitution operation plan. Reclamation conducted an EA that evaluated the
proposed action, which was the effect of operating under 2003 MOAs. The EA was
completed and a FONSI was issued by Reclamation in December 2008.

Under the approved action, Reclamation has entered into a 40-year Substitution Agreement
with Springs Utilities that authorizes Springs Utilities’ substitution plan according to the
terms and conditions set forth in the 2003 MOAs. The elements of the May 2003 MOA
that are specific to the approved action are the use of Wolford Mountain Reservoir and
Homestake Reservoir as sources of replacement water in a manner consistent with the terms
and conditions of the 2003 MOA. Another component of the approved action is a contract
water exchange, whereby Springs Utilities may provide up to 250 AF stored in the upper
Blue Reservoir to the River District each year in return for a like-amount of water stored in
Wolford Mountain Reservoir. The 250 AF in upper Blue Reservoir is intended for water
users in the Blue River Basin including Summit County, Vail, Summit Resorts, and
Breckenridge. A storage account in an amount up to 1,750 AF is maintained by the River
District at Wolford Mountain Reservoir for the benefit of Springs Utilities to store upper
Blue Reservoir water exchanged into Wolford Mountain Reservoir. In addition, a
long-term Power Interference Agreement was formalized with Reclamation, WAPA, and
Springs Utilities. Under the agreement, Springs Utilities will compensate for lost
hydropower with power generated from their own facilities, at a time and location
determined by WAPA.. Springs Utilities reserves the right to pay WAPA monetarily or
with power. PACSM was configured consistent with the terms and conditions of the
approved action.

The hydrologic effects of the approved action would be minimal. Stream segments affected
by the approved action that are within the Moffat Project study area include the Blue River
downstream of Dillon Reservoir, Williams Fork River downstream of Williams Fork
Reservoir, Muddy Creek downstream of Wolford Mountain Reservoir, and the Colorado
River downstream of the confluence with Williams Fork River. Under Springs Utilities’
approved action, more water will be released from their accounts in Wolford Mountain and
Homestake reservoirs while Denver Water’s substitution releases for Springs Utilities from
Williams Fork Reservoir or Dillon Reservoir would decrease. During substitution years,
the average monthly flow decreases for the river segments listed above would be less than

1 cfs.

Colorado River Cooperative Agreement

Denver Water and 17 West Slope parties have developed a comprehensive agreement
known as the Colorado River Cooperative Agreement. This multi-party agreement
provides a framework for a wide range of actions to benefit water supply and the
environment on both sides of the Continental Divide. The CRCA was made public in 2011
and became effective on September 26, 2013. In addition to the 17 West Slope signatories
and the environment, an additional 25 towns, water districts and ski areas on the West
Slope would obtain benefits from the CRCA. Some of the provisions in the CRCA are
effective upon execution while others would be implemented when the Denver Water
receives acceptable permits necessary for construction of the Moffat Project or when the
Moffat Project becomes operational. In the CRCA, Denver Water has committed to
provide certain enhancements to the aquatic environment in the Fraser, Williams Fork, and
upper Colorado rivers in part to address impacts that may be associated with existing
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operations by Denver Water, Grand County, and other water users. The following are some
of the key environmental provisions of the CRCA, when fully implemented. A complete
version of the CRCA can be found on Denver Water’s web site:
http://www.denverwater.org/SupplyPlanning/Planning/ColoradoRiverCooperativeAgreement/.

Environmental Water — Denver Water will make available 1,000 AF of water each year
from its Fraser River Collection System for environmental purposes in Grand County,
at times and locations requested by Grand County. This water will be matched with up
to an additional 1,000 AF from Williams Fork Reservoir and 2,500 AF of carry-over
storage in that reservoir for environmental purposes at the request of Grand County.
The additional water in Williams Fork Reservoir is a result of a decrease in exchange
from Williams Fork Reservoir to the Moffat Tunnel as a result of the 1,000 AF of
additional bypass flows. Subject to the provisions of the CRCA, Denver Water also
committed to make an additional 375 AF/yr available, which would otherwise be
diverted through the Moffat Tunnel, for use by certain Grand County water users. Any
portion of an additional 375 AF not needed by Grand County water users may also be
available for environmental purposes.

Learning by Doing (LBD) Cooperative Effort — The purpose of this cooperative effort is
to use available resources, including the resources provided by the CRCA, to protect
and where possible, restore or enhance the aquatic environment in the Fraser, Williams
Fork and upper Colorado rivers. The LBD effort will be implemented through an
Intergovernmental Agreement between Denver Water, Grand County, Colorado River
Water Conservation District, and MPWCD. In addition, Colorado Parks and Wildlife
(CPW) (previously called Colorado Division of Wildlife), Trout Unlimited, and the
NCWCD-Municipal Subdistrict will participate on the LBD Management Committee.
The LBD Cooperative Effort would rely on the information contained in the Grand
County Stream Management Plan and would continue to adapt and improve it to guide
and prioritize restoration/enhancement opportunities.

U.S. Forest Service (USFS) Bypass Flows — Denver Water agrees to not reduce USFS
bypass flows in the Fraser River Basin during a drought unless Denver Water has
banned all residential lawn watering in its service area (which Denver Water has never
done to date). This equates to about 2,000 AF of additional water for the aquatic
environment during drought conditions.

Funding for Grand County — Denver Water will pay $11 million toward projects for
aquatic habitat improvements, addressing nutrient loading in the Fraser River, paying
for the cost of pumping Windy Gap water for environmental purposes, and other
environmental enhancements and specified water supply projects in Grand County.

Funding for Summit County — Denver Water will contribute $11 million toward
projects such as WWTP improvements, environmental enhancements, and local water
and sewer projects.

Exchanges to Fraser River and Williams Fork River — Denver Water agreed not to
operate exchanges from Dillon Reservoir to Williams Fork Reservoir and to the Fraser
River and Williams Fork River Diversion Projects if such exchanges would impact
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instream flow water rights, even though some of these exchanges were operated as early
as 1966.

e The CRCA parties will implement a “Shoshone Outage Protocol” during an
unscheduled outage of the Shoshone Power Plant to mitigate the potential adverse
effects of the absence of the Shoshone call by operating reservoirs as if the call were
still on the river. The parties also agree to not oppose the existing 2007 Shoshone call
relaxation agreement between Denver Water and Xcel Energy and to support renewal of
the agreement.

e Denver Water will place $1 million into a fund to protect Wild & Scenic River
outstanding resource values in the upper Colorado River.

e Big Lake Ditch — Denver Water will participate in a joint study of how to maintain
historic agricultural uses of the Big Lake Ditch so as to maximize environmental benefit
while preserving the yield Denver Water expects from retiring the water right. If a
balance between the three needs (environmental, agricultural, and yield) can be found,
Denver Water would implement the study.

Fish and Wildlife Enhancement Plan

As part of the environmental evaluation of the Moffat Project, Denver Water prepared a
Fish and Wildlife Mitigation Plan and a Fish and Wildlife Enhancement Plan (Enhancement
Plan) in accordance with Code of Federal Regulations Section 37-60-122.2 (refer to Final
EIS Appendix M for a copy of these plans). Both plans were adopted by the Colorado
Wildlife Commission on June 9, 2011 and subsequently by the CWCB on July 13, 2011.
The Fish and Wildlife Mitigation Plan is the official State position on mitigation of impacts
to fish and wildlife resources. The Enhancement Plan was submitted voluntarily by Denver
Water to improve existing conditions in the aquatic environment in the Colorado River
downstream of Windy Gap. The main component of the Enhancement Plan is the upper
Colorado River Habitat Project (Habitat Project) to be funded and implemented jointly with
NCWCD-Municipal Subdistrict, and CPW. Other entities such as Grand County, Trout
Unlimited, and landowners along the Colorado River will participate in designing and
implementing the stream restoration program and may also contribute funding. The
Enhancement Plan includes $7.5 million in funding for the Habitat Project to improve the
existing conditions in approximately 17 miles of the Colorado River from the Windy Gap
diversion to the Kemp-Breeze State Wildlife Area downstream of the confluence with the
Williams Fork River. The Enhancement Plan will become effective once Denver Water
and NCWCD-Municipal Subdistrict have received acceptable permits for the Moffat
Project and WGFP, respectively.

4.3.2 Future Land-based Actions

Future land-based actions considered for cumulative effects analysis in the Moffat Project
area include construction of residential, commercial, and industrial structures; construction
and expansion of city, county, State, and Federal roads and highways; and gravel mining.
The following descriptions of future land-based actions provide information on regional
development trends that, in turn, provide context for Moffat Project impacts.
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Population Growth and Development Along the Front Range

Continued population growth and urban development is expected to occur in the Denver
Metropolitan area served by the Moffat Project regardless of the proposed construction and
operation of a Project alternative. Denver Water estimates that by 2050, 1.9 million people
will be using their supplies (Denver Water 2002a).

The regional population is expected to increase from almost 3 million in 2005 to more than
4 million in 2035, an increase of almost 50% (DRCOG 2011).

Between 1990 and 2000, the Denver region’s urban area grew from 410 square miles to

500 square miles. The region’s urban growth area boundaries generally define where urban
development will occur over the next 25 years. The annual change in urbanized area for the
period 2006-2035 is estimated at 1%. In 2006 the boundary/area contained approximately
730 square miles of urban development, which would increase to more than 990 square
miles by 2035.

The Denver Regional Council of Governments (DRCOG) is comprised of representatives
from 51 counties and municipalities in the greater Denver Metropolitan area. The 2035
Metro Vision Plan describes DRCOG’s long-range plan to manage growth within the
Denver Metropolitan area. The plan is designed for use by local governments as they make
decisions about land use planning and development. The key components and vision to be
implemented as the Denver Metropolitan area population urbanization increases include:

e 10% increase in urban density between 2000 and 2035.

e 50% of new housing and 75% of new employment located in urban centers between
2005 and 2035.

e Protect a total of 880 square miles of State and local parks and open space by 2035.

Other components include maintaining freestanding communities, promoting rural town
centers, implementing transportation improvements and preserving environmental quality.

Transportation Improvements

DRCOG’s 2035 Metro Vision Regional Transportation Plan identified several
transportation elements necessary for supporting existing and future growth challenges.
The plan identifies the needs for large-scale transportation improvements throughout the
Denver Metropolitan area in order to accommodate population growth, and subsequently,
increased traffic. In general, transportation improvements would include: regional rapid
transit rail, new or widened roadways, additional interchanges, various modes of rapid
transit services, multi-modal transportation options, increased services for persons with
special mobility needs, transportation transfer hubs, and additional or improved freight
services (DRCOG 2011).

The greatest determinant of future growth near the Leyden Gulch Reservoir site is
transportation network improvements. State Highways (SHs) 72 and 93 are major arterials
for the northwest Denver Metropolitan region. Portions of the Leyden Gulch Reservoir site
study area were within the Northwest Corridor EIS study area, a joint project between the
Federal Highway Administration (FHWA) and the Colorado Department of Transportation
(CDQOT). The Northwest Corridor Draft EIS and subsequent planning studies examined
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long-range transportation needs in the northwest Denver Metropolitan area. Several project
alternatives include a new or expanded north-south route, some of which would create an
interchange or intersection improvements near the junction of SHs 72 and 93

(CDOT 2008). Although CDOT and FHWA stopped work on the Northwest Corridor EIS
in mid-2008 due to a lack of funding for construction and the absence of a consensus
among local governments, SHs 72 and 93 remain major arterials in that area and are
candidates for future expansion. In 2008, following CDOT’s decision to stop work on the
Northwest Corridor Study, the Jefferson Parkway Public Highway Authority was
established with a mission of completing . . . . the last unbuilt portion of the Denver
metropolitan beltway.”

The Jefferson Parkway Public Highway Authority is a group consisting of the City of
Arvada, Jefferson County, and the City and County of Broomfield. Transportation
improvements near the Leyden Gulch Reservoir site would increase the likelihood of
commercial and industrial/office development around the intersection of SHs 72 and 93.
However, it is assumed that any transportation improvement in this general area is likely to
improve access to the Leyden Gulch Reservoir site vicinity and may result in increased
development pressure.

Other major transportation EIS projects occurring in the general area of the Moffat Project
include the State Highway 36 Improvement Project and the Regional Transportation
District Northwest Rail Project.

Site-specific Development

Gross Reservoir

The recreational and scenic qualities of Gross Reservoir provide amenities for year-round
and part-time residents in houses dispersed on 35-acre lots and in rural subdivisions.
Recent parcel database queries indicate that there are no new or proposed subdivision
developments on private lands within or adjacent to the Gross Reservoir study area.
However, a limited amount of large-lot single-family mountain home development is
expected to continue on private lands in the Project vicinity.

Leyden Gulch Reservoir Site

The Leyden Gulch Reservoir site is within the expected growth corridor of the northwest
Denver Metropolitan area and will experience change in the near future (estimated 1 to

5 years). The intersection of SHs 72 and 93 is zoned for commercial development by the
City of Arvada and several subdivisions are planned in the region. Although the majority
of the Project vicinity remains unincorporated, it is highly probable that residential growth
will continue westward from the cities of Westminster, Arvada, Wheat Ridge, and Golden,
with commercial and industrial development along SHs 72 and 93.

Desired and future land uses in the Leyden Gulch Reservoir site are defined in the North
Plains Community Plan (Jefferson County 2011), a contributing document to the Jefferson
County Comprehensive Master Plan (Jefferson County 2012), and the City of Arvada
Comprehensive Plan (City of Arvada 2005). The primary county plan objective for the area
west of SH 93 is to maintain a feeling of openness by preserving viewsheds and important
wildlife habitat and through the acquisition of additional open space properties. Park-like
settings and graduated building heights and setbacks are recommended for any

4-42 Reasonably Foreseeable Future Actions



Chapter 4 - Total Environmental Effects

development west of SH 93. These developments would be subject to similar viewshed
protection guidelines. All areas in the vicinity of the Leyden Gulch Reservoir site appear to
be stable, with the exception of the area immediately east of SH 93 at the intersection with
SH 72, known as the Jefferson Center Urban Redevelopment Area.

Jefferson Center Urban Renewal Plan

The Jefferson Center Urban Renewal Plan aims to stimulate development of underutilized
lands (approximately 2,000 acres) east of SH 93 at SH 72 by creating a commercial and
industrial center (Arvada Urban Renewal Authority 2009). These uses may promote
additional traffic near the Leyden Gulch Reservoir site and may subsequently increase local
development pressures. This plan is also reflected in the North Plains Area Plan, which
was adopted on November 16, 2011. The North Plains Area Plan is a chapter of the
Jefferson County Comprehensive Master Plan (Jefferson County 2012).

South Platte River Facilities

The South Platte River Facilities study area is located in the City of Brighton Rivers and
Lakes Joint Planning Area (City of Brighton 2009). This joint City/County planning area
was established to keep “the land open for farming, public open space and minimizing area
of regional flood hazards.” Most land in this joint planning area is largely expected to
remain unincorporated although some areas will be appropriate for annexation. The City of
Brighton Land Use Plan anticipates that areas associated with the South Platte River
Facilities will remain as agriculture or other non-urban uses (City of Brighton 2006).

Jefferson County Open Space Master Plan

As a result of growth trends, acquiring the foregrounds for views of the Front Range
mountain backdrop is an overarching priority for Jefferson County, as stated in their Open
Space and Parks Five-Year Master Plan (Jefferson County 2008). All of the Leyden Gulch
Reservoir site is identified as a “potential open space preservation area” and two of the
Trails 2000 segments are planned across the study area to enhance trail connectivity to the
Coal Creek Canyon and the open space properties in northern Jefferson County. Denver
Water owns a majority of property at the Leyden Gulch Reservoir site. If Denver Water
determines that the site is not needed for a reservoir site, which may be independent of the
Moffat Project, Jefferson County would have the option to purchase the site as established
in a Memorandum of Understanding. Jefferson County has purchased lands west of the
reservoir site to preserve as open space. However, unincorporated lands to the south and
east of the proposed reservoir site remain in private ownership. Boulder County owns open
space north of SH 72.

Rocky Flats Environmental Technology Site

The former Rocky Flats Environmental Technology Site is located approximately 4 miles
northeast of the Leyden Gulch Reservoir site. Under the Rocky Flats National Wildlife
Refuge (NWR) Act of 2001, the 6,240-acre Rocky Flats Environmental Technology Site
became the Rocky Flats NWR following certification from the U.S. Environmental
Protection Agency (EPA) that cleanup and closure have been completed. The refuge
entered U.S. Fish and Wildlife Service stewardship in 2007 following the EPA’s
determination that corrective actions had been completed.
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A Final Comprehensive Conservation Plan (CCP) for the Rocky Flats NWR was released in
2005 and will guide management of refuge operations, habitat restoration, and visitor
services for 15 years. The CCP emphasizes both wildlife and habitat conservation along
with a moderate level of wildlife-dependent public use. Refuge-wide habitat conservation
will include management of native plant communities, removal and revegetation of unused
roads and stream crossings, management of deer and elk populations, and protection of
Preble’s meadow jumping mouse habitat. Restoration will strive to replicate pre-settlement
conditions. Visitor use facilities will include about 16 miles of trails, a seasonally staffed
visitor contact station, trailheads with parking, and developed overlooks. Currently, the
refuge remains closed to the public due to a lack of appropriations for refuge management
operations, but it continues to protect important wildlife resources, including critical habitat
for the Federally threatened Preble’s meadow jumping mouse.

In 2011 a plan to expand the refuge and exchange a corridor with a width of up to 300 feet
along the refuge’s eastern boundary was approved by the refuge manager. The land
exchange would add more than 600 acres to the refuge and grant a transportation corridor to
the Jefferson Parkway Public Highway Authority. (See prior discussion on Transportation
Improvements.)

Worthing Pit

Worthing Pit is located in Adams County, southwest of the Exit 36 interchange (E-470 and
Old Brighton Road), adjacent to the eastern edge of the South Platte River. The Adams
County Regional Park is currently under construction on the west bank of the South Platte
River and will feature a golf course, fishing opportunities, a nature preserve, segments of
the South Platte Trail, volleyball, outdoor concert facilities, and a rodeo arena.
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44 CLIMATE CHANGE AND WATER RESOURCES

441 Relation of Rising Ambient Air Temperature and Water Resources in the West

Numerous studies have been conducted on the relationship between climate change and
water resources in the West. Most climate models project that air temperatures will
continue to rise in the West. In Colorado, air temperatures have increased about 2 degrees
Fahrenheit in the past 30 years and future winter projections indicate fewer extreme cold
months, more extreme warm months, and more strings of consecutive warm winters
(National Research Council of the National Academies 2007; Western Water Assessment
2008). Results from hydrological modeling of the impact of rising temperatures on water
resources in mountainous western regions vary widely (Garfin and Lenart 2007; Hoerling
and Eischeid 2007; IPCC 2008; Woodhouse 2007). Similarly, modeled variability in
projected annual precipitation trends is high in Colorado (Western Water Assessment
2008). This variation is primarily due to the lack of sufficient water-flow data

(e.g., snowmelt and runoff data in high mountain basins) and difficulty in modeling weather
patterns (Diaz 2005). Additionally, global climate models do not completely represent the
complexity of Colorado’s mountainous topography (Western Water Assessment 2008).

Many scientific studies have predicted an increase in air temperatures, resulting in changes
in the composition of winter precipitation and the timing of spring snowmelt. As air
temperatures rise the West could receive more winter precipitation in the form of rain
versus snow and the snow that does accumulate would melt earlier in the spring than in past
years. In Colorado, the onset of stream flows from melting snow has shifted earlier by two
weeks between 1978 and 2004 and the timing of runoff is projected to shift earlier in the
spring (Western Water Assessment 2008). If this were to occur, it is likely that the yield of
the Moffat Collection System would decrease due to existing capacity constraints. The
Moffat Collection System canals and tunnels are only capable of transporting a certain
amount of water before reaching hydraulic limitations. Additionally, South Boulder Creek
is only capable of transporting approximately 1,200 cubic feet per second at Pinecliffe
before flooding concerns arise. If runoff were to occur in a condensed timeframe, it is
likely that hydrological limitations in the Moffat Collection System could decrease the
Board of Water Commissioners’ (Denver Water’s) yield. Furthermore, a condensed
timeframe for runoff would likely mean a reduction in the number of days Denver Water’s
water rights are in priority to divert water. This could result in Denver Water building
additional replacement sources to ensure an adequate supply of water for its customers.

4.4.2 Climate Change and Water Managers

It is estimated that nearly 75 percent of water supplies in western States are derived from
snowmelt. Consequently, current water resource management of western rivers is based on
the knowledge that much of the runoff to reservoirs and lowlands occur early in the warm
season, as water demands for irrigation and other uses are at their greatest (USGS 2005b).
Western States Water Council predicts that storage will become the primary issue related to
western water supplies in the future (Woodhouse 2007). Scientific studies have predicted
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that since the stream flow may peak earlier, evapotranspiration may be higher and droughts
may be longer and more severe, it is also likely that water demands would increase in
correlation with rising air temperatures. This situation may require water managers to
address greater extremes in water systems in the foreseeable future. Water managers may
best cope with the combination of these anticipated changes by flexible operations that can
incorporate increasing amounts of new scientific information as it becomes available
(Garfin and Lenart 2007; Woodhouse 2007; USDA 2010; USGS 2009b). In a report
entitled “Climate Change in Colorado: A Synthesis to Support Water Resources
Management and Adaptation,” it was reported that “climate change will affect Colorado’s
use and distribution of water and that water managers and planners currently face specific
challenges that may be further exacerbated by projected climate changes” (Western Water
Assessment 2008).

While climate change and global warming may be considered reasonably foreseeable; but
currently, there is no generally-accepted scientific method to correlate air temperature
changes with incremental changes in stream flow or reservoir levels. The Western Water
Assessment report included a caution that the assessment and quantification of specific
climate change impacts on water resources is beyond the scope of their study (Western
Water Assessment 2008). The Colorado Water Conservation Board has embarked on a
water availability investigation to identify and address potential sources of water supply in
Colorado. The study considers climate variability and potential effects on supplies in
Colorado in an effort to help water managers in making resource management decisions
while acknowledging the degree of climate change uncertainty (CWCB 2012). Thus,
hydrologic changes in response to global climate change have not been quantitatively
described in this Environmental Impact Statement (EIS).

Denver Water has evaluated climate change scenarios in relation to water supply risks and
their Strategic Water Reserve but, as previously discussed, although climate models show
general agreement that temperatures are likely to increase in the west, there is less
agreement about how this change will influence water resources. In a recent journal article
(Woodhouse 2007), Denver Water described the scientific information that would be
necessary to more adequately assess the impacts of global climate change on the water
resources they manage. Their climate information “wish list” includes:

e Data on changes of timing and annual volume of stream flow
e Watershed scale precipitation change data

e A hydrologic model for the Colorado River Basin that incorporates climate data in order
to more carefully evaluate the effects of various climatic regimes and potential
management strategies

e A better understanding of how climate change may impact watershed land cover
(e.g., vegetation changes, fires, etc.)

Research on information needs, tools, and procedures to more accurately predict the effects
of climate change on stream flow are ongoing. The U.S. Army Corps of Engineers and the
U.S. Department of the Interior, Bureau of Reclamation jointly published a report

(Brekke 2011) that evaluated the data needs and water management tools required for the
long-term water planning efforts of the water management community. The document
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identified methods for categorizing tools and information needs for further research on the
issue of climate change and long-term water planning. The Water Research Foundation
recently published a study titled “Joint Front Range Climate Change Vulnerability Study”
(Water Research Foundation 2012) that focused on procedures for combining climate
science with hydrologic simulations to predict stream flow trends. Study results indicated
broad variability and uncertainty in future stream flow that mimicked the variability and
uncertainty associated with the climate models themselves. As with many studies on
climate change, the studies advance the science, but point toward the need for more
research before estimates on stream flow response to climate change can be utilized with
accuracy and certainty.

In summary, changes in snowpack and stream flow timing associated with climate change
may affect reservoir operations including flood control and storage. Additionally, changes
in the timing and magnitude of runoff may also impact the functioning of diversion and
conveyance structures (Western Water Assessment 2008). However, a generally-accepted
scientific method by which current climate change information is translated into predictable
stream flow changes and assimilated into water supply decision-making is still not
available. Therefore, quantitative climate change-induced stream flow predictions are not
evaluated in this EIS. As stated in the Purpose and Need described in Chapter 1, Denver
Water needs improved operational flexibility of the Moffat Collection System, including
being able to respond to unpredictable global climate changes and adjusting operations in
response to new scientific information.
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4.5 ACTIONS NOT CONSIDERED REASONABLY FORESEEABLE FUTURE
ACTIONS

A summary of potential future actions that did not meet the criteria for reasonably
foreseeable future actions (RFFAS), defined in Section 4.1, are discussed below.

451 Water-based Actions

Projects determined to be potential future actions but not reasonably foreseeable, as defined
by National Environmental Policy Act of 1969, as amended, include Parker Water and
Sanitation District’s (PWSD’s) transfer of agricultural water rights, the construction of
Wolcott or Sulphur Gulch reservoirs for storage and release of 10,825 acre-feet (AF) for
endangered fish in the Colorado River, the Yampa Pumpback Project, the Flaming Gorge
Pipeline Project, the Colorado River Return Project (CRRP), and the Blue River Pumpback
and Wolcott Reservoir Project.

Parker Water and Sanitation District’s Transfer of Agricultural Water Rights

PWSD is currently conducting a study to evaluate the effects of transferring and using
agricultural water rights along the lower South Platte River as a water supply source for
Rueter-Hess Reservoir. There is no information on the potential implementation date of
this action nor is there sufficient information available to define this action and conduct an
analysis to quantify cumulative effects. This action was not considered reasonably
foreseeable.

Regional Water Supply Project

The Regional Water Supply Project consists of a plan proposed by the Million
Conservation Resource Group to deliver water from Flaming Gorge Reservoir and the
Green River via a pipeline along the Interstate 80 utilities corridor across Wyoming to serve
Front Range communities in Colorado. The total estimated volumes from the two diversion
points are approximately 165,000 AF from Flaming Gorge Reservoir and 85,000 AF from
the Green River during a dry year. Flaming Gorge Reservoir stores up to 3.8 million AF of
water for the benefit of upper basin states including Colorado, New Mexico, Utah, and
Wyoming under the Colorado River Compact. Other water users in the State, including the
Colorado River Water Conservation District, Northern Colorado Water Conservancy
District, the Board of Water Commissioners (Denver Water), Aurora, South Eastern
Colorado Water Conservancy District, Colorado Springs Utilities, and Pueblo Board of
Water Works, have voiced concerns over the project regarding its potential effects on flows
available to the upper basin states to meet Compact obligations and how the contract would
be administered in a shortage.

This project was not considered reasonably foreseeable because there is not reasonable
certainty as to the likelihood of this action occurring. The project does not identify who
would put the water to beneficial use and there is not sufficient information available to
define this action and conduct an analysis to quantify the cumulative effects of the Flaming
Gorge Pipeline Project. The U.S. Army Corps of Engineers (Corps) issued a Notice of
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Intent to prepare an Environmental Impact Statement (EIS) to analyze the effects of the
proposed project in March 2009. The Corps terminated the EIS and the Section 404 Permit
application on July 22, 2011.

Yampa Pumpback Project

The Northern Colorado Water Conservancy District board of directors is conducting a
multi-basin investigation to identify facilities and associated costs for the transfer of water
from rivers in northwest Colorado to the Front Range area to meet potential future water
supply shortfalls. The purpose of this study is to identify and evaluate alternatives to
dry-up of agricultural land in northeastern Colorado. The investigation looked at potential
options for diverting water from the Yampa River below Maybell, which is downstream of
all major Yampa water rights for irrigation, municipal, and industrial uses. The project
would divert about 20 percent (%) of the flows in the Yampa River that now leaves
Colorado. The study indicated that the project could yield more than 300,000 acre-feet per
year (AF/yr) for delivery through a series of pumps, pipes, and tunnels to the Front Range
area. The project would include a 500,000 AF off-stream reservoir built near Maybell. The
project could benefit at least five river basins within the State, including the Yampa, North
Platte, South Platte, Arkansas, and Colorado basins, by providing water directly or by
exchange (NCWCD 2006).

The Yampa Pumpback Project is not reasonably foreseeable because it has been studied
only at a feasibility level, would require further analysis to determine the most likely
configuration, there is little certainty it would occur, does not identify who would put the
water to beneficial use, and there is little information available to quantify its effects.

Colorado River Return Project

The CRRP concept is to pump available flows from the Colorado River near the
Colorado-Utah State line upstream for use in the Colorado, South Platte, and Arkansas river
basins. The configurations studied in the Colorado River Return Reconnaissance Study
(Boyle 2003b) considered three flow rates of 250,000, 500,000, and 750,000 AF/yr.
Pipeline alignments considered in the Reconnaissance study followed three general
corridors and ranged in length from 184 to 268 miles. The least-cost construction costs for
the range of capacities ranged from $3.7 billion to $8.7 billion. The required time to bring
the CRRP on line is estimated to range from a minimum of 10 years up to 27 years given
the requisite design, permitting, and funding requirements.

The CRRP is not reasonably foreseeable because it has been studied only at a feasibility
level, would require further analysis to determine the most likely configuration, there is
little certainty it would occur, does not identify who would put the water to beneficial use,
and there is little information available to quantify its effects.

Blue River Pumpback with Wolcott Reservoir

The Blue River Pumpback and Wolcott Reservoir study considered hydrology, water
supply availability, water quality, and construction costs of two potential pumpback
options. These options, known as the Everist Pond Pumpback and the Green Mountain
Reservoir Pumpback, would both pump Blue River water upstream to Dillon Reservoir.
Both options would also include construction of the Eagle-Colorado Reservoir (also known
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as “Wolcott Reservoir”) on Alkali Creek in the Eagle River Basin, to provide new supplies
and replace some of the current uses of Green Mountain Reservoir. The two pumpback
options are separate projects and include different sizing of Wolcott Reservoir and result in
different project yields.

The pumpback and storage projects are not reasonably foreseeable because they have been
studied only at a feasibility level, would require further analysis to determine the most
likely configuration, there is little certainty they would occur, do not identify who would
put the water to beneficial use, and there is little information available to quantify their
effects.

4.5.2 Land-based Actions

Conversion of Agricultural Lands

Throughout the Front Range agricultural farmland has decreased significantly in the past
20 years, and likely will continue to decrease, due to commercial and residential
development pressures and the transfer of irrigation water to municipal and industrial uses.
The timing and location of the future agricultural land conversions cannot be accurately
determined and is considered speculative.

Ongoing Gravel Mining

It is likely that gravel mining will continue along the South Platte River in and near the
Denver Metropolitan area. Many of these gravel mines will be converted to water storage
lakes following mining. At this time, it is not possible to accurately predict the specific
location of future gravel mines because the development and location of the mining is
subject to market forces.

Local Planning Boundaries

Several municipalities and communities in the cumulative effects study area have identified
expected future growth boundaries, and subsequently, provide a context for future growth
and development in the region. However, these boundaries do not meet the criteria for
reasonably foreseeable activities because these boundaries are not representative of specific
projects. Many local governments are also pursuing additional water supplies to respond to
these anticipated planning boundaries.
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4.6 EVALUATION OF TOTAL ENVIRONMENTAL EFFECTS

4.6.1 Surface Water

The affected environment for surface water is described for Current Conditions (2006) in
Section 3.1. This cumulative impacts analysis evaluates the changes in surface water due to
flow changes associated with each Moffat Collection System Project (Moffat Project or
Project) alternative in 2032, when an action alternative would be fully constructed and
providing the full 18,000 acre-feet per year (AF/yr) of additional firm yield (i.e., Full Use
with a Project Alternative) combined with other reasonably foreseeable future actions
(RFFASs) and past actions such as diversions.

Water-based actions in the South Platte and Colorado river basins that were considered for
the cumulative effects analysis are shown in Table 4.6.1-1. Several of these actions are
anticipated to be on line by the time the Board of Water Commissioners’ (Denver Water’s)
projected demands are estimated to begin to exceed system supplies. The hydrologic
effects of these projects in combination with the Moffat Project alternatives are discussed in
the following sections. The description of hydrologic changes is based on comparisons
against Current Conditions (2006). RFFAs that were not included in the hydrologic
modeling cumulative effects analysis (see Description of the Model discussion below)
because there was not sufficient information available to model the flow impact were
addressed qualitatively in Section 4.3.

Table 4.6.1-1
Water-based Actions Considered for Cumulative Effects Analysis

. Included in s
Water-based Action PACSM Addressed Qualitatively

REASONABLY FORESEEABLE WATER-BASED ACTIONS

East Slope Projects

1) Halligan-Seaman Water Supply Project v Downstream of Henderson gage
2) Northern Integrated Supply Project Partially

3) Denver Water Reuse Project 4

4) Aurora Prairie Waters Project v

5) Rueter-Hess Reservoir (16,200 AF and enlarged
72,000 AF reservoir)

6) Dry Creek Reservoir Project

7) Chatfield Reservoir Storage Reallocation Project

8) Augmentation of Lower South Platte Wells Downstream of Henderson gage

9) East Cherry Creek Valley Project Downstream of Henderson gage

10) Cache la Poudre Flood Reduction and Ecosystem

Restoration Project Downstream of Henderson gage

NERNEENENENENERN

11) Water Infrastructure and Supply Efficiency
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Table 4.6.1-1 (continued)
Water-based Actions Considered for Cumulative Effects Analysis

. Included in L.
Water-based Action PACSM Addressed Qualitatively

West Slope Projects

12) Windy Gap Firming Project v

13) Urban Growth in Grand and Summit Counties 4

14) Reduction of Xcel Energy’s Shoshone Power v
Plant Call

15) Changes in Releases from Williams Fork and
Wolford Mountain Reservoirs to Meet USFWS v
Flow Recommendations for Endangered Fish in
the 15-Mile Reach

16) Wolford Mountain Reservoir Contract Demand

17) Expiration of Denver Water’s Contract with Big
Lake Ditch in 2013

18) Colorado Springs Utilities” Substitution and
Power Interference Agreements at Green v
Mountain Reservoir

19) 10,825 Water Supply Alternatives v

WATER-BASED ACTIONS CONSIDERED NOT REASONABLY FORESEEABLE FUTURE
ACTIONS

20) Parker Water and Sanitation District Transfer of
Agricultural Water Rights

21) Regional Watershed Supply Project

22) Yampa Pumpback Project

23) Colorado River Return Project

24) Blue River Pumpback with Wolcott Reservoir

Notes:

AF = acre-feet
PACSM = Platte and Colorado Simulation Model
USFWS = U.S. Fish and Wildlife Service

In the South Platte River Basin, most RFFASs rely on water supplies from trans-mountain
imports or transferred agricultural water. Projects like the Halligan-Seaman Water Supply
Project, which rely to a large degree on transferred agricultural rights, should not affect
South Platte River flows since historical return flows must be maintained to prevent injury
to downstream water users. Projects that will have the greatest cumulative effects on South
Platte River flows when added to the effects of the Moffat Collection System Project
include the Denver Water Reuse Project, Water, Infrastructure and Supply Efficiency
(WISE) Project, City of Aurora Prairie Waters Project (PWP), and Northern Integrated
Supply Project (NISP). The Denver Water Reuse Project, WISE, and Aurora’s PWP will
decrease South Platte River flows as Aurora and Denver Water make more use of their
reusable return flows. NISP would decrease flows in the Cache la Poudre River and the
lower South Platte River due to the Project’s reliance on the development of existing and/or
new conditional water rights for diversion and exchange of native river water.
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In the Colorado River Basin, the Windy Gap Firming Project (WGFP) and Shoshone Call
reduction would likely have the greatest cumulative effect on flows when added to the
effects of the Moffat Project. The effects of the WGFP would occur primarily in above
average and wet years due to additional diversions at the Windy Gap diversion site on the
Colorado River. The WGFP and Moffat Project would decrease flows in average and wet
years and then primarily during the wettest months of the year. The hydrologic effects of
the Shoshone Call reduction would occur primarily in dry years, because more diversions
would be made in priority upstream of Shoshone, and releases from Green Mountain,
Williams Fork, and Wolford Mountain reservoirs for exchange and substitution purposes
would be less.

The methods and tools used to generate hydrologic information and analyze potential
impacts on surface water hydrology are described in the following sections.

Description of the Model

Denver Water’s Platte and Colorado Simulation Model (PACSM), which is a water
allocation computer model, was used as the tool to generate hydrologic information for the
analysis of the Environmental Impact Statement (EIS) alternatives. PACSM was used to
generate hydrologic output, including stream flows and reservoir data. Denver Water staff
developed each of the model scenarios assessed and executed PACSM. The input,
operations, and results of PACSM were reviewed and verified by the U.S. Army Corps of
Engineers’ (Corps) third-party contractor. Detailed information on the study period,
network configuration, natural flow hydrology, water rights, physical attribute data,
precipitation and evaporation rates, diversions and demands, and operational rights included
in PACSM were evaluated.

PACSM is an integrated system of computer programs used to simulate stream flows,
reservoir operations, and water supply availability. PACSM simulates operations of the
raw water supply systems belonging to Denver Water and others, within portions of the
South Platte and Colorado river basins. The model accounts for inflows, diversions, river
gains and losses, reservoir operations, and water rights implementation using water
allocation priorities. The physical system and water rights represented in the model are
administered in accordance with the Prior Appropriation Doctrine and contractual and
operating agreements such as Senate Document 80 and the Blue River Decree. The water
supply system is represented in the model as a system of linked nodes, which correspond to
actual physical features such as diversion structures, reservoirs, instream flow requirements,
demands, trans-basin imports, or stream gages. The model allocates water to a node based
on available flow, water rights, diversion or storage capacity, and water demand. The
model uses a daily time step.

The geographic area currently modeled in PACSM extends from the headwaters of the
Colorado River and its tributaries along the Continental Divide downstream to the 15-Mile
Reach upstream of the confluence with the Gunnison River, and from the headwaters of the
South Platte River, including the South, Middle and North forks, downstream to the Kersey
gage. PACSM generates output data at specific locations throughout the study area called
nodes. Refer to Figure 3.0-1 for node locations.
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The study period for PACSM extends 45 years from water years 1947 through 1991 and
includes a variety of hydrologic conditions, such as dry, wet, and average years.

Model Scenarios Assessed

The following scenarios were evaluated using PACSM:
e Current Conditions (2006)

e Full Use of the Existing System with RFFAs

e Action alternatives with RFFAs

e No Action Alternative with RFFAs

Section 4.6.1 describes the total environmental effects on surface water resources that
would result from the Moffat Project in combination with other RFFAs. Therefore, this
section presents the total surface water effects that are anticipated to occur by 2032. Total
environmental effects are based on a comparison of hydrologic data for Current Conditions
(2006) and each of the action alternatives and No Action. It is appropriate to compare each
of the action alternatives and the No Action Alternative to modeled Current Conditions
(2006) as opposed to historical conditions since the hydrology associated with Current
Conditions (2006) reflects the current administration of the river, demands, infrastructures,
and operations.

Hydrologic impacts directly or indirectly related to implementing an action alternative are
based on a comparison of hydrologic data for Full Use of the Existing System and each of
the action alternatives. Effects that are specifically attributable to the Moffat Project are
discussed in Chapter 5.

e Current Conditions (2006) — Current Conditions (2006) reflects conditions in the year
2006, including demands, facilities, agreements, operations, and administration of the
Colorado and South Platte river basins. Under the Current Conditions (2006) scenario,
Denver Water’s average annual demand is 285,000 acre-feet (AF). The purpose of the
Current Conditions (2006) scenario is to model Denver Water’s existing water rights
and facilities under the hydrologic conditions that existed throughout the study period
(1947 through 1991). In addition, the operations of all existing reservoirs and diversion
facilities are simulated for the entire study period, regardless of when they came on line.

e Full Use of the Existing System with RFFAs — Full Use of the Existing System
reflects the operation of Denver Water’s existing system at an average annual
unrestricted demand of 345,000 AF. Full Use of the Existing System does not include a
Moffat Project on line. The estimated firm yield of Denver Water’s system is
345,000 AF/yr not including use of the Strategic Water Reserve. Denver Water’s
existing system is capable of meeting an average annual demand of 345,000 AF,
therefore, the hydrologic effects associated with additional diversions that would occur as
Denver Water’s demand grows to that level are not an impact of the proposed Moffat
Project. Denver Water’s projected demands are estimated to begin to exceed system
supplies (not including the Strategic Water Reserve) in year 2022 based on PACSM
results. Under this scenario, Denver Water would maximize the yield of their existing
water supplies using their current facilities and infrastructure. This scenario also
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includes other RFFASs that would occur between 2006 and 2022. These projects are
described in Section 4.3. Denver Water is not responsible for mitigating for the effects
of other RFFAs since they are not caused by the Moffat Project.

Action Alternatives with RFFAs — The action alternatives reflect the operation of
Denver Water’s system in year 2032 with the Moffat Project implemented and other
RFFAs that would occur between 2006 and 2032. Denver Water’s average annual
demand in year 2032 is estimated to be 363,000 AF (379,000 AF/yr demand less the
16,000 AF/yr demand met by conservation measures). Each action alternative provides
18,000 AF/yr of new firm yield. Model parameters and assumptions included in
PACSM for each action alternative are summarized in a technical memorandum entitled
“Review of Modifications Made to PACSM to Reflect the Baseline Scenario and EIS
Alternatives” (Boyle 2006a).

No Action Alternative with RFFAs — The No Action Alternative scenario reflects the
operation of Denver Water’s system in year 2032 at an average annual demand of
363,000 AF without any modifications to their existing facilities or water rights. The
No Action Alternative also includes other RFFASs that would occur between 2006 and
2032.

Model Simulation Output

PACSM was used to simulate each of the scenarios discussed in the previous section. Daily
model output generated by PACSM for Denver Water’s primary facilities and the affected
river segments includes stream flow, reservoir content, elevation, and surface area data.
Hydrologic data that have been used to analyze surface water and other resource impacts
are summarized in Appendix H as described below.

Appendix H-1 includes hydrologic output comparing Current Conditions (2006) and
Full Use of the Existing System with each of the EIS alternatives. The Current
Conditions (2006) scenario was compared with the alternatives to display the total
environmental effects that would occur from the Moffat Project in combination with
other RFFAs. Appendix H-1 includes average, dry- and wet-year average end-of-month
storage contents, elevations, and surface areas for Williams Fork, Dillon, Wolford
Mountain, Gross, Antero, Eleven Mile Canyon, Cheesman, and Leyden Gulch
reservoirs and gravel pit storage (included in Alternatives 8a and 13a). Appendix H-1
also summarizes average monthly flows, diversions, and reservoir outflow at several
locations of interest for average, dry, and wet conditions.

Appendix H-2 and Appendix H-3 include hydrologic output comparing Full Use of the
Existing System with the action alternatives. Hydrologic model output associated with
the action alternatives was compared against similar output generated for Full Use of
the Existing System to assess impacts on surface water hydrology that are directly or
indirectly related to implementation of an action alternative.

— Appendix H-2 includes average, dry- and wet-year average end-of-month storage
contents, elevations, and surface areas for Williams Fork, Dillon, Wolford
Mountain, Gross, Antero, Eleven Mile Canyon, Cheesman, and Leyden Gulch
reservoirs and gravel pit storage (included in Alternatives 8a and 13a) for Full Use
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of the Existing System and all the alternatives, including the No Action Alternative.
Note that reservoir surface area data are included in Appendix H-2; however,
changes in surface area and associated impacts are described under the cumulative
impacts sections for other resources throughout Chapter 4.

— Appendix H-3 summarizes average monthly flows, diversions, and reservoir
outflow at several locations of interest for average, dry, and wet conditions.

e Appendix H-4 includes average daily hydrographs at several locations of interest for
average, dry, and wet conditions for Current Conditions (2006), Full Use of the Existing
System, and the action alternatives, including the No Action Alternative.

e Appendix H-5 includes flow duration curves at several locations of interest for Current
Conditions (2006), Full Use of the Existing System, and the action alternatives,
including the No Action Alternative.

e Appendix H-6 presents the maximum daily flow change, and the percentage of days that
flow changes would occur for Current Conditions (2006), Full Use of the Existing
System, and the action alternatives. Appendix H-6 also includes daily hydrographs for
a series of dry years followed by a wet year.

e Appendix H-7 presents average annual flows, diversions, and reservoir outflow for
average, dry, and wet conditions for Current Conditions (2006), Full Use of the Existing
System, and the action alternatives, including the No Action Alternative.

e Appendix H-8 presents average annual net evaporation for several of Denver Water’s
reservoirs for Current Conditions (2006), Full Use of the Existing System, and the
action alternatives, including the No Action Alternative.

e Appendix H-9 presents flow duration curves, bedload capacity and supply, and effective
discharge graphs.

e Appendix H-10 presents sediment transport capacity curves.

e Appendix H-11 includes a groundwater comment letter from the EPA and the
U.S. Army Corps of Engineer’s response.

e Appendix H-12 presents native flow depletions at Denver Water’s diversions in the
Fraser and Williams Fork river basins and native flow increases at the Vasquez Tunnel,
Moffat Tunnel, and Roberts Tunnel outfalls for average, dry and wet conditions for
Current Conditions (2006), Full Use of the Existing System, and the action alternatives,
including the No Action Alternative.

e Appendix H-13 presents shortages for Grand County and Summit County water
providers under Full Use of the Existing System.

e Appendix H-14 presents changes in the timing, magnitude and duration of peak flow for
Current Conditions (2006), Full Use of the Existing System, and the Proposed Action
(Alternative 1a).

e Appendix H-15 presents changes in the frequency and duration of dry year conditions
for Current Conditions (2006), Full Use of the Existing System, and the action
alternatives, including the No Action Alternative.
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e Appendix H-16 presents maps of river basins in the study area that show locations
where historic aerial photos were analyzed and stream segments where measurements
of channel sinuosity and width were made.

e Appendix H-17 presents data summarizing measurements of channel sinuosity and
channel width for stream segments analyzed using historic aerial photos.

e Appendix H-18 presents comparisons of historic aerial photos that were taken of
locations in the Fraser River Basin in the 1930s when the Moffat Collection System was
constructed with more recent photos taken in 1989, 1990, and 2010.

e Appendix H-19 presents graphs showing the chronological relationship between gage
height and flows for several U.S. Geological Survey (USGS) gages in the Fraser and
Williams Fork river basins and along the Colorado River.

e Appendix H-20 presents flood frequency curves at each Representative Reach for
Current Conditions (2006), Full Use of the Existing System, the Proposed Action
(Alternative 1a), Alternative 8a, and the No Action Alternative.

e Appendix H-21 presents figures showing sediment transport capacity at each
Representative Reach for various flows and particle sizes using both the Parker equation
and the Wilcock and Crowe equations.

e Appendix H-22 presents an overview of the operations of the Environmental Pool (for
mitigation purposes) at Gross Reservoir, as evaluated by the Corps.

Hydrologic data presented in the appendices often consists of average monthly values for
average, wet, and dry conditions. For each alternative, average values are the average of
monthly data for the 45-year study period (1947 through 1991). In addition, dry and wet
year values are presented, which are defined as the average of the five wettest and five
driest years in the study period (each representing about 10 percent [%] of the period of
record). On the West Slope, the five driest years were 1954, 1955, 1963, 1977, and 1981
and the five wettest years were 1952, 1962, 1983, 1984, and 1986, based on estimated
natural flows at the USGS gage, Colorado River near Kremmling (Kremmling gage).
Natural flows are defined as gaged flows plus adjustments for reservoir releases and filling,
diversions, gaged inflows, trans-basin imports, and irrigation or other returns to the river. It
reflects the hydrology that existed prior to the development of water supply systems, or the
hydrology that would exist if the impacts of water diversions, reservoirs, and return flows
were removed. On the East Slope, the five driest years were 1950, 1954, 1963, 1977, and
1981 and the five wettest years were 1949, 1970, 1973, 1983, and 1984, based on estimated
natural flows at the USGS gage, South Platte River at South Platte. Natural flows at other
gages in the study area were also reviewed to confirm the selection of the five driest and
wettest years.

Use of Daily and Monthly PACSM Data for Resource Evaluations

PACSM uses a daily time-step, therefore, daily hydrologic output was generated for each
model scenario evaluated. A combination of daily and monthly hydrologic data was used
for flow-related resource evaluations. A description of daily and monthly data used for
flow-related resources is provided below.
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e The surface water evaluation used a combination of daily and monthly hydrologic data.
Daily data were used to generate average monthly summaries of flows, diversions,
reservoir outflow, end-of-months contents, surface elevations and surface areas for
average, dry, and wet conditions. These monthly summaries were relied on to generally
characterize hydrologic changes associated with the alternatives. Daily data were used
to generate flow duration curves and daily hydrographs and determine the frequency,
magnitude, and timing of daily flow changes. Daily data were used in resource
assessments where the magnitude or value of the resource is especially sensitive to daily
hydrologic changes and where the use of average, wet, and dry monthly and annual
values would mask the severity of the effects on those resources. Daily data was
utilized to evaluate effects on several resources, including surface water, aquatic
resources, stream morphology, recreation, floodplains, riparian and wetlands areas,
wildlife and special status species, and water quality.

e The stream morphology analysis relied entirely on daily flow data. Flood frequency
analyses, hydraulic modeling, sediment transport capacity modeling, and effective
discharge calculations all relied on daily flow data.

e The floodplain analysis relied entirely on daily flow data. Daily flow data were used to
conduct flood frequency analyses.

e The recreation analysis relied on daily flow data to determine the change in number of
days within flow intervals determined optimal for boating.

e The aquatic biological resources analysis relied on daily data to simulate fish habitat
and evaluate the impacts on fish populations using the Instream Flow Incremental
Methodology.

e The evaluation of riparian and wetlands areas relied entirely on daily flow data to
determine changes in river stage and inundated area along river segments for various
flood events.

e Evaluation of wildlife and special status species relied on the results of the riparian
analysis and on monthly hydrologic data.

e The water quality analysis relied on monthly flow data to highlight stream segments for
analysis of potential changes. For locations in the Fraser River Basin warranting
additional evaluation of the effects on stream temperature, daily PACSM output was
utilized to characterize potential impacts.

Methodology for Analysis of Impacts on Surface Water

Impacts on surface water hydrology are described for each affected river basin. Average
monthly and annual summaries of flows, diversions, reservoir outflow, end-of-months
contents, surface elevations and surface areas for average, dry and wet conditions were
relied on to generally characterize surface water changes associated with the alternatives.
Flow duration curves and daily hydrographs were used to determine the frequency and
magnitude of daily flow changes. The Nature Conservancy’s Indicators of Hydrologic
Alteration (IHA) was also used to evaluate changes in the magnitude, timing, frequency,
and duration of four different types of Environmental Flow Components (EFCs): low flows,
high flow pulses, small floods, and large floods.

4-60 Surface Water



Chapter 4 - Total Environmental Effects

Impacts on floodplains are also described for each affected river basin. Impacts on
floodplains were not directly evaluated using hydraulic modeling. Rather, the annual flood
series (based on daily flow output generated by PACSM) were reviewed. Probability
plotting analyses were conducted and used as the basis for evaluating peak flow frequency.
Peak flows for the 45-year study period were ranked and assigned Weibull plotting
positions, from which recurrence intervals were estimated. Changes to floodplain extents
were inferred from this information, and are summarized qualitatively. This approach was
deemed appropriate because the Moffat Project would generally reduce flows during high
flow periods on the West Slope. As a result, the potential for creating additional flood
hazard is considered low.

4.6.1.1  Proposed Action (Alternative 1a) with Reasonably Foreseeable Future
Actions

Under the Proposed Action with RFFAS, a 77,000 AF enlargement would be constructed at
Gross Reservoir. Of the 77,000 AF enlargement, 72,000 AF would be utilized to provide
new firm yield to Denver Water’s system and 5,000 AF would be an Environmental Pool
for mitigation. The environmental effects discussed for surface water correspond with the
72,000 AF enlargement whereas the operations and effects associated with the 5,000 AF
Environmental Pool are discussed in Appendices H-22 and M-2. Using existing collection
infrastructure, primarily average to wet-year Fraser River, Williams Fork River, and South
Boulder Creek water would be diverted and delivered via the Moffat Tunnel and South
Boulder Creek to the existing Gross Reservoir. Existing facilities, including the South
Boulder Diversion Canal and Conduits 16 and 22, would be used to deliver water from the
enlarged Gross Reservoir to the Moffat Water Treatment Plant (WTP). In general, the
majority of “new” water diverted to Gross Reservoir would be kept in storage until a dry
year or sequence of below average years occurs. This scenario also includes other RFFAs
that are anticipated to occur by 2032.

46.1.1.1 Reservoir Evaporation and Fluctuation

Reservoir evaporation, contents, and elevations under the Proposed Action with RFFAs
were compared to the Current Conditions (2006) scenario to identify differences between
the two scenarios. The following reservoirs were evaluated:

e Williams Fork Reservoir

e Dillon Reservoir

e Wolford Mountain Reservoir

e Gross Reservoir

e Antero Reservoir

e Eleven Mile Canyon Reservoir
e Cheesman Reservoir

e Strontia Springs

e Chatfield Reservoir
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Williams Fork Reservoir

Williams Fork Reservoir contents would generally be higher under the Proposed Action
with RFFAs than under Current Conditions (2006), the net result of several changes that are
mutually offsetting. Termination of Big Lake Ditch diversions above the reservoir and
discontinuation of 10,825 Water releases from Williams Fork Reservoir tend to result in
more water in storage. Increased Gumlick Tunnel diversions and greater releases for
substitution and exchange, in the absence of the effects already mentioned, would result in
less water in storage. The dynamics that would reduce water in storage will occur due to
growth in Denver Water’s demand both before and after implementation of the Proposed
Action.

Average differences in end-of-month contents would range from approximately 500 to
4,200 AF, which translates to greater average monthly water elevations of 1 to 4 feet. The
largest increase in average monthly end-of-month contents under the Proposed Action with
RFFAs would be 4,200 AF or 6% in September. In dry years, the largest increase in
average monthly end-of-month contents would be 7,700 AF or 11%, and in wet years it
would be 4,600 AF (Table H-1.1). The monthly average end-of-month water elevation
would increase by a maximum of 4 feet in average years and 6 feet in wet years as well as
dry years (Table H-1.2). The maximum increase in water elevation (averaged over the
month) between the Proposed Action with RFFAs and Current Conditions (2006), for any
month over the 45-year study period, would be 44 feet; the maximum decrease in water
elevation would be 36 feet. The average annual evaporative loss would be 3,331 AF
compared to 3,227 AF under Current Conditions (2006), as shown in Table H-8.1.

In dry years, Williams Fork Reservoir would begin the water year with approximately
5,400 AF more in storage under the Proposed Action with RFFAs compared to Current
Conditions (2006), due primarily to the greater water supply available once the Big Lake
Ditch diversions cease. This difference in content is more or less maintained until July. In
July and August, the increased substitution and exchange releases under the Proposed
Action would reduce the gap without closing it completely. By the end of the water year,
reservoir contents would be approximately 3,000 AF greater under the Proposed Action
with RFFAs than Current Conditions (2006).

Figure 4.6.1-1 demonstrates how reservoir contents at Williams Fork Reservoir can vary
substantially in dry years depending on the severity and length of the drought, hydrologic
conditions in the years preceding the drought, and substitution releases for Denver Water.
Figure 4.6.1-1 shows the drawdown that would occur at Williams Fork Reservoir through
the critical period (1953 through 1957) under both Current Conditions (2006) and the
Proposed Action with RFFAs.

In wet years, Williams Fork Reservoir’s contents under the Proposed Action with RFFAs
would be greater than contents under Current Conditions (2006) by 4,600 AF at the end of
October. Reservoir contents for the two scenarios would converge over the next seven
months as the reservoir operates to reach similar targets by end of April. Under both
scenarios, Williams Fork Reservoir fills at similar rates during runoff reaching fill by the
end of July. Through the next two months, reservoir contents would remain very similar,
specifically, about 500 AF higher under the Proposed Action with RFFAs compared to
Current Conditions (2006). The difference is the net result of inflow differences,
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differences in releases of 10,825 Water (none under the Proposed Action with RFFAS), and
greater exchange releases to Dillon Reservoir under the Proposed Action with RFFAS,
relative to Current Conditions (2006).

Figure 4.6.1-1
Comparison of Williams Fork Reservoir Contents During the Critical Period
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Dillon Reservoir

Differences in Dillon Reservoir contents under Current Conditions (2006) compared to
Proposed Action with RFFAS are due to increases in Denver Water’s exports of Blue River
water, primarily prior to implementation of the Proposed Action but also following it.
Increases in local use of Blue River water above Dillon Reservoir also contribute to
differences in inflow to Dillon. Finally, a seasonal shift in Roberts Tunnel diversions is
responsible for a difference in the average rate of change in reservoir levels. Under Current
Conditions (2006), Denver Water shuts down the Moffat WTP from October through
March and winter demand is met entirely by Foothills and Marston WTPs. Under the
Proposed Action with RFFAS, the Moffat WTP would operate at a minimum of 30 mgd
through the winter, which shifts a significant portion of the winter treatment load away
from Foothills and Marston WTPs to the Moffat WTP. Since Denver Water’s South
System primarily uses water diverted from the Blue River rather than South Platte River
water in the winter, the shift would affect Roberts Tunnel diversions and Dillon Reservoir
levels.
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From November to April, Roberts Tunnel diversions would be 4,800 AF less on average
under the Proposed Action with RFFAs. From May through October diversions would
increase by 36,900 AF on average, for a net average increase in Roberts Tunnel diversions
of 32,100 AF annually. Dillon Reservoir would enter the runoff season with 22,600 AF
less in storage on average at the end of April. During May and June, Dillon Reservoir
contents would be lower but the difference in average contents would decline by end of
June because Dillon Reservoir still achieves fill in wet years. By the end of June, average
Dillon Reservoir contents would be 11,100 AF lower under the Proposed Action with
RFFAs. From July through October, the difference would widen primarily because of
additional Roberts Tunnel diversions, resulting in a difference of 27,900 AF in October.
Through the winter, Roberts Tunnel would deliver less water than under Current Conditions
(2006), and as a result, the difference in April content as mentioned above is 22,600 AF.

The largest monthly difference in average end-of-month contents would occur in October,
when Dillon Reservoir contents would be 27,900 AF or 13% less under the Proposed
Action with RFFAs (Table H-1.4). The corresponding difference in reservoir elevation
would be 11 feet (Table H-1.5). The maximum increase in water elevation (averaged over
the month) compared to Current Conditions (2006), for any month over the 45-year study
period, is 13 feet; the maximum decrease in water elevation is 38 feet. The average annual
evaporative loss would be 5,368 AF compared to 5,847 AF under Current Conditions
(2006), as shown in Table H-8.1.

In dry years, the difference in average end-of-month contents for Dillon Reservoir would
range from 27,400 AF in March to 41,300 AF in July. At the end of October, storage
contents would be 28,600 AF less compared to Current Conditions (2006). The winter
reduction in Roberts Tunnel diversions is less pronounced in dry years than in wet and
average years, such that the difference in contents by the end of March is 27,400 AF.
Roberts Tunnel diversions in April are similar in the two scenarios, as are bypasses for
maintaining minimum flows in the Blue River below Dillon Reservoir, but during May,
June, and July, Roberts Tunnel diverts approximately 30 to 50% more under the Proposed
Action with RFFAs than under Current Conditions (2006). In dry years, Dillon Reservoir
contents decrease from the beginning of runoff to the end of the July. Dillon Reservoir
contents would decrease about 15,000 AF over the same period under Current Conditions
(2006). Thus by the end of July, the difference in contents would be 41,300 AF as
mentioned above. The difference becomes smaller by the end of August. Roberts Tunnel
diversions in August are similar in the two scenarios, but under Current Conditions (2006),
Dillon Reservoir must bypass physically available water because there would be no
exchange water remaining in Williams Fork Reservoir. Under the Proposed Action with
RFFAs, Williams Fork Reservoir has more water available to it; Dillon Reservoir is able to
capture the water that is physically available in August by making releases for exchange
from Williams Fork Reservoir. In September, Roberts Tunnel diversions are somewhat
higher under the Proposed Action with RFFAs than Current Conditions (2006), which is
reflected in a commensurate increase in the difference in reservoir contents between the two
scenarios by the end of the water year.

Figure 4.6.1-2 demonstrates how reservoir contents at Dillon Reservoir can vary
substantially in dry years depending on the severity and length of the drought, and
hydrologic conditions in the years preceding the drought. Figure 4.6.1-2 shows the
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drawdown that would occur at Dillon Reservoir through the critical period (1953 through
1957) under both Current Conditions (2006) and the Proposed Action with RFFAs.

Figure 4.6.1-2
Comparison of Dillon Reservoir Contents During the Critical Period
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In wet years, Dillon Reservoir contents are less on average under the Proposed Action with
RFFAs in every month except for May, when pre-emptive releases would be made under
Current Conditions (2006) to draw down the reservoir in anticipation of runoff. The
number of days that Dillon Reservoir is full and spilling would be reduced by between 30
and 40%. This change is manifest under Full Use of the Existing System and slightly
mitigated under the Proposed Action with RFFAs. At the beginning of the water year,
Dillon Reservoir would be close to full under Current Conditions (2006), while under the
Proposed Action with RFFAs, Dillon Reservoir would be 14,100 AF lower. Through
winter and early spring, releases would be made under Current Conditions (2006) to
gradually lower the reservoir whereas under the Proposed Action with RFFAS releases
more or less maintain the reservoir level. Water would be spilled under both scenarios such
that fill is achieved by the end of July, but the timing differs. Under Current Conditions
(2006), water would be released pre-emptively, therefore reservoir contents under Current
Conditions (2006) are lower than under the Proposed Action with RFFAs for a short time,
but “catch up” quickly. In August and September, greater diversions through Roberts
Tunnel account for lower contents under the Proposed Action with RFFAs than under
Current Conditions (2006). In wet years, the largest monthly difference in contents would
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occur in October, when Dillon Reservoir content would be 17,700 AF less on average under
the Proposed Action with RFFAs (Table H-1.4). The corresponding difference in water
elevation would be 6 feet on average (Table H-1.5).

Wolford Mountain Reservoir

Differences in water levels in Wolford Mountain Reservoir, for the Proposed Action with
RFFAs relative to Current Conditions (2006), are due strictly to changes in reservoir
operations, as there is no difference in inflow to the reservoir. The two scenarios feature
three significant differences in Wolford Mountain Reservoir operations:

1. Discontinuation of 10,825 Water releases — under Current Conditions (2006), 5,412 AF
is generally released in late summer and fall, to meet endangered fish flow needs in the
15-Mile Reach. Under the Proposed Action with RFFAS, this operation would be
moved to Granby and Ruedi reservoirs, which, in the absence of other changes, would
result in more water in the reservoir in late summer.

2. West Slope contracts — Under the Proposed Action with RFFAs, it is anticipated that
contracts with West Slope entities would increase substantially. These contracts would
result in releases of an average of 4,700 AF/yr. This change, in the absence of other
changes, would result in less water in the reservoir.

3. Increased substitution releases — to support additional Denver Water and Colorado
Springs diversions from the Blue River, both before and after implementation of the
Proposed Action, more water would be released from Denver’s pool under the Proposed
Action with RFFAs, as compared with Current Conditions (2006). In the absence of
other changes, these releases, typically made in late summer and early fall, would result
in less water in the reservoir.

The net result of these actions would be that average end-of-month contents under the
Proposed Action with RFFAs would be less than average end-of-month contents under
Current Conditions (2006) for every month of the year. At the beginning of the water year,
contents would be 3,200 AF lower under the Proposed Action with RFFAs. The difference
would generally increase through March due primarily to West Slope contract releases, and
to a lesser degree, substitution releases. At the end of March, the difference would be
5,300 AF. Contract releases persist through May under the Proposed Action with RFFAS,
but that effect is more than offset during runoff as more water is stored on average under
the Proposed Action with RFFAS than under Current Conditions (2006). By end of June,
the difference in contents is 3,400 AF on average. During July, August, and September,
this difference is more or less maintained as reservoir contents reflect increased substitution
and contract deliveries, offset by the termination of 10,825 Water releases. The water year
ends with a difference of 3,200 AF. Differences in contents range from 3,000 AF in August
to 5,300 AF in March. Differences in water elevations at Wolford Mountain Reservoir
range from 2 feet to 5 feet (Table H-1.8). The maximum increase in reservoir elevation
(averaged over the month) between the Proposed Action with RFFAs and Current
Conditions (2006), for any month over the 45-year study period, is 1.5 feet; the maximum
decrease in reservoir elevation is 37 feet. The average annual evaporative loss would be
2,570 AF compared to 2,701 AF under Current Conditions (2006), as shown in

Table H-8.1.
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In dry years, outflow from Wolford Mountain Reservoir would be greater under the
Proposed Action with RFFAs than Current Conditions (2006) in every month of the year
except August. From October through July, increased contract releases, coinciding with
limited inflow during runoff months, cause the difference in reservoir content to increase
from 900 AF to 5,000 AF. In August, the trend reverses due to 10,825 Water releases
under Current Conditions (2006), which are absent from the Proposed Action with RFFAs.
The water year ends with a difference in reservoir contents of 3,000 AF. The greatest
difference in average end-of-month contents is 5,000 AF in dry years, which corresponds to
a difference in water elevation of 4 feet. Figure 4.6.1-3 demonstrates how reservoir
contents at Wolford Mountain Reservoir can vary substantially in dry years depending on
the severity and length of the drought, hydrologic conditions in the years preceding the
drought, and substitution releases for Denver Water and Colorado Springs. Figure 4.6.1-3
shows the drawdown that would occur at Wolford Mountain Reservoir through the critical
period (1953 through 1957) under both Current Conditions (2006) and the Proposed Action
with RFFAs.

Figure 4.6.1-3
Comparison of Wolford Mountain Reservoir Contents During the Critical Period
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In wet years, Wolford Mountain Reservoir contents are always lower under the Proposed
Action with RFFAs than Current Conditions (2006). The difference increases through late
fall and winter as more water would be released under the Proposed Action with RFFAS to
satisfy West Slope contracts. The greatest difference (approximately 5,200 AF) occurs at
the end of March. During runoff, the reservoir spills less and stores more under the
Proposed Action with RFFAsS, so that it is within several hundred acre-feet of contents
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under Current Conditions (2006) in May and June. In August and September the difference
in contents increases again such that the water year ends with a difference of 2,400 AF.

The greatest difference in average end-of-month contents is 5,200 AF in wet years, which
corresponds to a difference in water elevation of 5 feet.

Gross Reservoir

Under the Proposed Action with RFFAs and the Environmental Pool, Gross Reservoir’s
volume would increase by 77,000 AF to 118,811 AF, which is more than twice its current
volume. The surface water area at normal high water would change by a factor of two,
from approximately 418 acres to 824 acres and the water level would increase by 124 feet.
Of the 77,000 AF enlargement, 72,000 AF would be utilized to provide new firm yield to
Denver Water’s system and 5,000 AF would be an Environmental Pool for mitigation. The
effects discussed in this section correspond with the 72,000 AF enlargement. The
environmental effects of a 77,000 AF expansion are expected to be similar to the 72,000 AF
expansion. Additional discussion specific to the operations and effects associated with the
5,000 AF Environmental Pool is provided in Appendices H-22 and M-2.

From April through October, the annual pattern of fluctuation in water level and content
would be similar to that under Current Conditions (2006): the reservoir would be at its
lowest at the end of April, reach its highest level in June or July, and would be drawn down
through the fall. Under Current Conditions (2006), the Moffat WTP does not operate in the
winter months; therefore, contents increase on average from November through February.
However, under the Proposed Action with RFFAS, Gross Reservoir contents would drop
steadily by 4,000 to 5,000 AF per month during these months because the Moffat WTP
would be operating at a minimum of 30 mgd plus there would be releases for raw water
contracts. Differences in reservoir contents under the Proposed Action with RFFASs are
greatest in wet years following a drought, when the enlarged capacity of Gross Reservoir
would fill.

Average monthly contents would be greatest at the end of July at 102,500 AF and lowest at
the end of April at 69,500 AF (Table H-1.10). In wet years, monthly contents during
summer months would be higher than average. In dry years, monthly contents during
summer months would be lower than average because the reservoir would be drawn on
more heavily during a drought. Figure 4.6.1-4 demonstrates how Gross Reservoir would be
used through the critical period (1953 through 1957) under both Current Conditions (2006)
and the Proposed Action with RFFAs.

The maximum increase in water elevation (averaged over the month) compared to Current
Conditions (2006), for any month over the 45-year study period, is 163 feet; the maximum
decrease in reservoir elevation is 20 feet. The average annual evaporative loss would be
991 AF compared to 452 AF under Current Conditions (2006), as shown in Table H-8.1.
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Figure 4.6.1-4
Comparison of Gross Reservoir Contents During the Critical Period
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Antero Reservoir

Under the Proposed Action with RFFAs, there would be little to no difference in Antero
Reservoir contents in many months, as compared to Current Conditions (2006). Antero
Reservoir contents would be lower by 400 to 800 AF, on average (Table H-1.13). The
largest decrease in average monthly end-of-month contents would be 820 AF in December
and 700 AF in September in dry years. There would be little to no change in contents in
wet years.

In general, Denver Water uses Antero Reservoir in a prolonged drought. Therefore, during
the majority of the study period, reservoir contents are similar to Current Conditions (2006)
because Antero Reservoir would be maintained full. Monthly average differences reflect
differences in the timing of isolated drawdowns and subsequent refills that occur during
droughts. The differences are manifest in years that are neither wet nor dry, because Antero
Reservoir is not used until water levels in Cheesman Reservoir are substantially lowered
due to releases during a drought. Generally, it is after the first year of a dry period that
drawdown and differences in water levels would occur at Antero Reservoir. As a result, the
drawdowns that occur during a drought are not reflected well in the dry year average
end-of-month contents shown in Table H-1.13 because the 5 driest years of the study period
do not necessarily coincide with years that Antero Reservoir would be drawn down.
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Figure 4.6.1-5 shows the drawdown that would occur at Antero Reservoir during the critical
period from 1953 through 1957. Under both Current Conditions (2006) and the Proposed
Action with RFFASs, Antero Reservoir would remain full in 1954, which is the first year of
the drought. In that year, Denver Water would rely on water supplies in their other
reservoirs such as Dillon Reservoir, which is substantially drawn down in the first year of
that drought. Antero Reservoir is not drawn down until 1955, which is the second year of
the drought. The reservoir remains empty under the Proposed Action with RFFAs until it
starts to refill in the summer of 1957. Antero Reservoir is partially drawn down three more
times during the study period.

Figure 4.6.1-5
Comparison of Antero Reservoir Contents During the Critical Period
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The maximum monthly average end-of-month water elevation change would be a decrease
of less than 1 foot in average and dry years (Table H-1.14). The maximum increase in
water elevation (averaged over the month) compared to Current Conditions (2006), for any
month over the 45-year study period, is 9 feet; the maximum decrease in water elevation is
also 9 feet. The average annual evaporative loss would be 3,602 AF compared to 3,671 AF
under Current Conditions (2006), as shown in Table H-8.1.

Eleven Mile Canyon Reservoir

Changes in Eleven Mile Canyon Reservoir contents under the Proposed Action with RFFAS
would be due to changes in releases to meet a higher demand. Contents of Eleven Mile
Canyon Reservoir would be 2,300 AF lower on average, compared to Current Conditions
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(2006), as shown in Table H-1.16. The largest decrease in average monthly end-of-month
contents would be 2,900 AF in average years, and 1,400 AF in dry years (Table H-1.16).
Reservoir contents are very similar in wet years.

Like Antero Reservoir, Eleven Mile Canyon Reservoir is drawn down in multiyear,
prolonged droughts. Therefore, reservoir contents are similar to Current Conditions (2006)
during the majority of the study period, because Eleven Mile Canyon Reservoir would be
maintained full most of the time. Monthly average differences in contents reflect
differences in the timing of isolated drawdowns and subsequent refills that occur during
droughts. The differences are manifest in years that are neither wet nor dry, because Eleven
Mile Canyon Reservoir is not used until water levels in Cheesman Reservoir are
substantially lower due to releases during a drought. The biggest differences occur late in
dry years and in years that follow a dry year. As a result, drawdowns that occur during a
drought are not reflected well in the dry year average end-of-month contents shown in
Table H-1.16 because the 5 driest years of the study period do not necessarily coincide with
the years that Eleven Mile Canyon Reservoir would be drawn down. Figure 4.6.1-6 shows
the drawdown that would occur at Eleven Mile Canyon Reservoir during the critical period
from 1953 through 1957. During the critical period, Eleven Mile Canyon Reservoir
remains close to full in 1954, which is the first year of the drought. In that year, Denver
Water would rely on water supplies in their other reservoirs such as Dillon Reservoir,
which is substantially drawn down in the first year of that drought. Eleven Mile Canyon
Reservoir is partially drawdown starting in the winter of 1954 through the spring of 1957.
Contents are approximately 20,000 AF less under the Proposed Action with RFFASs than
Current Conditions (2006) in the spring of 1957 prior to runoff. The reservoir then refills in
the summer of 1957 under both the Proposed Action with RFFAs and Current Conditions
(2006).

The maximum monthly average end-of-month water elevation change would be a decrease
of approximately 1.2 feet in average years and a decrease of about zero feet in dry years
(Table H-1.17). The maximum increase in water elevation (averaged over the month)
compared to Current Conditions (2006), for any month over the 45-year study period, is
0.2 feet; the maximum decrease in water elevation is 12.9 feet. The average annual
evaporative loss would be 5,856 AF compared to 5,950 AF under Current Conditions
(2006), as shown in Table H-8.1.
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Figure 4.6.1-6
Comparison of Eleven Mile Canyon Reservoir Contents During the Critical Period
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Cheesman Reservoir

The shift in treatment plant operations during the winter, higher Denver Water demand both
prior to and after implementation of the Proposed Action with RFFAs, and greater amounts of
reusable effluent exchanged to Cheesman Reservoir would affect Cheesman Reservoir
contents. At the end of October, Cheesman Reservoir contents would be about 100 AF lower
than under Current Conditions (2006). Because of Denver Water’s demand, the difference
grows by the end of March, but the difference is mitigated by the seasonal shift in treatment
away from Foothills and Marston WTPs to the Moffat WTP. At the end of March, the
difference is 700 AF. During runoff and the first half of summer, Cheesman Reservoir would
be used more heavily because Denver Water’s demand would be higher under the Proposed
Action with RFFAs. But in August, September, and October, the difference becomes
smaller, as Denver Water’s use of Blue River water also increases. The reusable effluent
generated by use of Blue River water is exchanged to Cheesman Reservoir which means
more water is stored during these months compared to Current Conditions (2006).

The largest change in average monthly end-of-month contents would be a 2,600 AF
decrease in average years, a 6,700 AF increase in dry years, and a 2,700 AF increase in wet
years (Table H-1.19). The maximum average end-of-month water elevation change would
be a decrease of 6 feet. The maximum average end-of-month difference in dry years and
wet years, would be an increase of 8 feet and 3 feet, respectively (Table H-1.20). The
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maximum increase in water elevation (averaged over the month) compared to Current
Conditions (2006), for any month over the 45-year study period, is 20 feet; the maximum
decrease in water elevation is 88 feet. The average annual evaporative loss would be
1,058 AF compared to 1,081 AF under Current Conditions (2006), as shown in

Table H-8.1.

In dry years, differences are partly related to conditions prior to the five designated dry
years. End of September contents for the water years preceding the designated dry years
would be approximately 5,900 AF higher than under Current Conditions (2006). As winter
progresses, this difference remains more or less the same until March, with the seasonal
shift in WTP operations offsetting changes due to increased demand. From April through
September, Denver draws more water from Cheesman Reservoir than under Current
Conditions (2006), therefore, contents drop more sharply under the Proposed Action with
RFFAs. The difference becomes less each month until in September, reservoir content are
1,900 AF lower than under Current Conditions (2006). Figure 4.6.1-7 shows the drawdown
that would occur at Cheesman Reservoir during the critical period from 1953 through 1957.
During the critical period, Cheesman Reservoir is substantially drawdown during 1954,
which is the first year of the drought, under both Current Conditions (2006) and the
Proposed Action with RFFAs. Reservoir contents remain low under both scenarios until
the spring of 1957. During the majority of the critical period, reservoir contents are
approximately 15,000 AF lower. The reservoir then refills in the summer of 1957 under
both the Proposed Action with RFFAs and Current Conditions (2006).

Figure 4.6.1-7
Comparison of Cheesman Reservoir Contents During the Critical Period

90,000

w= Current Conditions

80,000 T = Proposed Action

70,000

60,000 \/L\

50,000

Contents

|
N

\\
- N
’ \ AP Y.

Oct-53 Feb-54 Jun-54 Oct-54 Feb-55 Jun-55 Oct-55 Feb-56 Jun-56 Oct-56 Feb-57 Jun-57

Day

Surface Water — Proposed Action — Cheesman Reservoir 4-73



Chapter 4 - Total Environmental Effects

In wet years, differences are also partly related to conditions prior to the five designated wet
years. The water year begins with more water in Cheesman Reservoir, and this positive
difference persists until fill is achieved at the end of June in both scenarios. Contents are
higher than under Current Conditions (2006) at the end of the water year, due to the
combined influences of increased demand, exchanges, and operations at Eleven Mile
Reservoir.

Strontia Springs Reservoir

Strontia Springs Reservoir is a regulating reservoir and the forebay for Conduit 26, which
flows to the Foothills WTP. Water levels fluctuate daily, such that end-of-month contents
are variable and may not represent conditions during the rest of the month.

Under the Proposed Action with RFFAs, less water would be delivered to Strontia Springs
Reservoir from Cheesman Reservoir and the Roberts Tunnel in the winter, due to the addition
of winter treatment capacity at the Moffat WTP. More Blue River water is delivered to
Strontia Springs Reservoir in summer months, which means that Strontia Springs Reservoir
can potentially store more water by exchange at times. However, these differences in inflow
are offset by the effects of Denver Water’s increase in demand. As a result, reservoir levels
are lower compared to Current Conditions (2006). Contents are similar from October through
December, but from January through September, contents are lower by several hundred
acre-feet. The maximum decrease in monthly average contents is approximately 760 AF in
August. The corresponding difference in water elevation is 11 feet.

The description above is applicable to both dry years and wet years, except that the
maximum decrease in monthly average contents is 990 AF in dry years, for a water
elevation difference of 14 feet. Effects are less in wet years, with the maximum monthly
average decrease in contents being 630 AF for a water elevation difference of 8 feet. The
maximum increase in water elevation (averaged over the month) compared to Current
Conditions (2006), for any month over the 45-year study period, is 22 feet; the maximum
decrease in water elevation is 72 feet.

Chatfield Reservoir

Chatfield Reservoir contents are generally the same as or greater under the Proposed Action
with RFFAs than under Current Conditions (2006). With Denver Water importing more
Blue River water to meet increased demand, there are more opportunities to exchange
effluent credits upstream to Chatfield Reservoir. Winter drawdowns that approach the
bottom of the operating pool are significantly less frequent under the Proposed Action with
RFFAs than under Current Conditions (2006).

4.6.1.1.2 River Segments

Fraser River

For the purpose of analyzing changes in surface water hydrology in the Fraser River Basin,
modeled diversions and stream flows were evaluated at the locations of interest shown in
Table 4.6.1-2. These locations coincide with the primary sections of Denver Water’s
Moffat Collection System, which include:
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St. Louis Creek
Vasquez Creek

Fraser River-Jim Creek
Ranch Creek Section

Denver Water has 32 primary diversion points in the Fraser River Basin, which are listed in
Table 3.1-6. In PACSM, several of the smaller tributaries that Denver Water diverts from
are combined and modeled jointly. This approach is reasonable because the tributaries are
located in close proximity, diversions are of similar magnitude and timing, and there is little
or no gage data that could be used to model them separately. For example, Cub and Buck
creeks were modeled jointly. These creeks have no gages, are within one mile of each
other, and the elevation, size and aspect of the contributing watersheds to these creeks are
similar. Table 4.6.1-2 includes information regarding which tributaries are combined and
modeled jointly. In general, Denver Water diverts water from the Fraser and Williams Fork
river basins in the following order:

1. Fraser River

2. Vasquez Creek

3. Elk Creek

4, St. Louis Creek

5. Ranch Creek

6. Williams Fork River Collection System

7. Englewood Ranch Creek Diversion

8. Releases from Meadow Creek Reservoir

Table 4.6.1-2
Locations Where Hydrologic Data were Analyzed in the Fraser River Basin
Location Description PACSM Node #

Moffat Tunnel Diversions N/A
Fraser River below Denver Water’s Diversion 2120
Jim Creek below Denver Water’s Diversion 2160
St. Louis Creek below Denver Water’s Diversion 2170
St. Louis Tributaries below Denver Water’s Diversion® 2180
St. Louis Creek Near Fraser Gage 2200
King Creek below Denver Water’s Diversion 2220
Vasquez Creek below the Gumlick Tunnel Outfall 2260
Vasquez Creek below Denver Water’s Diversion 2280
Elk Creek and Tributaries below Denver Water’s Diversion? 2300
Little Vasquez Creek below Denver Water’s Diversion 2340
Vasquez Creek Gage 2370
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Table 4.6.1-2 (continued)
Locations Where Hydrologic Data were Analyzed in the Fraser River Basin

Location Description PACSM Node #
Cooper Creek below Denver Water’s Diversion 2380
Englewood Ranch Gravity System below Denver Water’s Diversion® 2480
North Fork Ranch Creek and Dribble Creek below Denver Water’s Diversion 2490
Main Ranch Creek below Denver Water’s Diversion 2500
Middle and South Fork of Ranch Creek below Denver Water’s Diversion 2520
Cub and Buck Creek below Denver Water’s Diversion 2540
Fraser River Near Winter Park Gage 2580
Fraser River below the Confluence with VVasquez Creek 2600
Fraser River below the Confluence with St. Louis Creek 2700
Fraser River below the Confluence with Crooked Creek 2810
Fraser River at Granby Gage 2900

Notes:

Refer to Figure 3.0-1 for the locations of PACSM nodes.

ISt. Louis Creek tributaries include West St. Louis, Short, Byers, Iron, East St. Louis, and Fool creeks.

®Elk Creek tributaries include West Elk, East Fork Main EIk, West Fork Main EIk, and East Elk creeks.

®Englewood Ranch Gravity System includes North Trail, South Trail, Hurd, Hamilton, Cabin, and Little Cabin creeks.
N/A not applicable

PASCM Platte and Colorado Simulation Model

Changes in Fraser River flows are directly related to Denver Water’s increased demand and
the increase in storage capacity at Gross Reservoir, which would enable Denver Water to
store more water brought through the Moffat Tunnel. With increased storage capacity on
the East Slope, Denver Water would be able to divert water that it is unable to capture
without additional storage. Denver Water’s average annual demand would increase from
285,000 AF under Current Conditions (2006) to 363,000 AF/yr under the Proposed Action
with RFFAs. There would also be changes in flows due to additional municipal diversions,
including changes in the timing and quantity of return flows associated with water uses in
the Fraser River Basin. The largest growth in water demand in the Fraser River Basin is
expected to occur in areas served by the Grand County Water and Sanitation District, the
Town of Fraser and Silver Creek Resort.

Bypass Flow Reductions

Under the 1970 Bureau of Sport Fisheries Stipulation and the 1992 Clinton-Fraser
Agreement, Denver Water may reduce bypass flows in accordance with the severity of
restrictions it places on its customers; however, the agreements do not define set amounts
for the bypass flow reductions. To reflect the reduction in minimum bypass flows in
PACSM, the bypass flows at four diversions in the Fraser River Basin (Fraser River,
Vasquez Creek, St. Louis Creek, and Main Ranch Creek) were reduced by up to 50% of the
bypass requirement based on Denver Water’s projected reservoir contents being less than
65% full in July. These bypass reductions are reasonably consistent with reductions that
occurred most recently from 2003 through 2004. Bypass flows on North and South Trail
creeks, Hurd Creek, Hamilton Creek, Cabin Creek, Little Cabin Creek, and Meadow Creek
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were not reduced because these bypass flows do not have provisions which allow for
bypass reductions.

Reductions of bypass flows would occur as Denver Water’s average annual demand
increases from 285,000 AF under Current Conditions (2006) to 345,000 AF under Full Use
of the Existing System because restrictions are anticipated to be imposed more frequently at
higher demand levels without additional storage on line. Reductions in bypass flows would
be a function of Denver Water’s existing operations, not the proposed Moffat Project. The
Proposed Action with RFFAs would not increase the conditions under which Denver Water
would reduce bypass flows. Since the Proposed Action would increase Denver Water’s
firm yield, system reliability and flexibility, the conditions under which Denver Water may
reduce bypass flows could potentially occur less frequently under the Proposed Action with
RFFAs.

A summary of the duration and magnitude of bypass flow reductions by location is
provided in Tables 4.6.1-3 and 4.6.1-4. Modeled bypass flows would be reduced in 8 years
(1954, 1955, 1956, 1957, 1963, 1964, 1978, and 1979) out of the 45-year study period. The
bypass reduction would typically be 30% of the requirement. The total decrease in flow
due to bypass flow reductions would range from 443 AF to 1,910 AF. In some instances
bypass flows would be reduced in the years following a dry year. This would occur
because storage contents may or may not drop below 65% full in July of a dry year
depending on the severity of the drought and hydrologic conditions in the preceding years.
For example, PACSM results show that Denver Water’s total storage contents would not be
less than 65% full in July 1977 because that year was preceded by several average and wet
years. As a result, bypass flow would not be reduced in 1977, however, due to the severity
of the drought that year and low runoff in subsequent years, total storage contents in Denver
Water’s reservoirs would be less than 65% in the two years following 1977. As a result,
modeled bypass flows would be reduced in 1978 and 1979. Similarly, model results show
bypass flows would be reduced in the spring of 1957 due to the severity of the drought from
1954 through 1956.

Table 4.6.1-3
Summary of Simulated Bypass Flow Reductions

e R ey || S EUBETEEE R | WS e e e Ranch Creek below Total
Denver Water Denver Water " . Flow
Park Gage - h h A Denver Water Diversion
Diversion Diversion Decrease
Year Bypass Increase Bypass Increase Bypass Increase Bypass Increase Due to
i i i i Bypass
Reduction In{2EYS Reduction (RS Reduction 1n[REYS Reduction 1n[REYS Regl?ction
(AF) Bypass (AF) Bypass (AF) Bypass (AF) Bypass
Reduced Reduced Reduced Reduced (AF)
1954 386 65 309 58 309 65 57 29 1,061
1955 510 214 478 203 413 171 157 137 1,558
1956 480 182 834 202 439 178 89 114 1,842
1957 189 131 76 53 150 119 28 24 443
1963 664 142 527 129 509 107 210 121 1,910
1964 244 41 375 63 195 41 61 29 875
1978 741 189 522 136 512 123 104 49 1,879
1979 326 140 200 105 320 151 43 31 889

Note:

Bypass flow reductions would occur as Denver Water’s average annual demand increases to 345,000 AF/yr under Full Use of the Existing
System. The Proposed Action with RFFAs would not increase the frequency of bypass flow reductions.

Surface Water — Proposed Action — Fraser River 4-77



Chapter 4 - Total Environmental Effects

Table 4.6.1-4
Summary of Daily Bypass Flow Reductions Compared to Current Conditions (2006)
oot | Pt | s | s | o
Location/Dates Bypass Ac['zion Reduction Reduction Byp)allss
(cfs)* Bypass (cfs)? (@) 19 Reduced
Fraser River at Winter Park Gage
June 1 - August 4, 1954 10.0 7.0 3.0 386.0 65
June 1 - September 15, 1955 7.0 5.1 1.9 409.1 107
September 16, 1955 - January 7, 1956 2.9 24 0.5 110.4 114
June 7 - September 15, 1956 7.0 5.1 19 388.5 101
October 19, 1956 - April 30, 1957 2.8 2.2 0.6 227.0 194
May 15 - May 25, 1957 7.0 5.0 2.0 43.6 11
June 1 - September 15, 1963 10.0 7.0 3.0 636.4 107
September 16 - October 20, 1963 4.0 3.6 0.4 21.7 35
June 23 - August 2, 1964 10.0 7.0 3.0 244.0 41
June 5 - June 13, 1978 10.0 7.0 3.0 53.3 9
June 18 - June 19, 1978 10.0 8.4 16 6.3 2
June 29 - September 15, 1978 10.0 7.1 2.9 4525 79
September 19 - September 24, 1978 4.0 2.8 1.2 13.9 6
September 28 - October 15, 1978 4.0 3.0 1.1 375 18
October 18, 1978 - May 5, 1979 4.0 2.8 1.2 464.5 200
May 9 - May 14, 1979 4.0 3.1 0.9 10.5 6
May 15 - May 23, 1979 10.0 8.4 1.6 28.3 9
Total 3,539 1,104
St. Louis Creek below Denver Water’s Diversion
June 1 - July 28, 1954 9.7 7.0 2.7 309.0 58
June 1 - September 4, 1955 6.9 5.0 19 366.6 96
September 16, 1955 - January 7, 1956 2.0 15 0.5 115.1 114
May 15 - September 12, 1956 8.3 5.1 3.2 770.0 121
October 14 - December 7, 1956 2.0 15 0.5 54.4 55
December 9 - December 27, 1956 1.7 15 0.2 55 19
February 9 - March 1, 1957 1.6 15 0.1 4.2 22
May 1 - May 15, 1957 2.1 15 0.6 16.7 14
May 15 - May 31, 1957 6.6 5.0 1.6 54.8 17
June 1 - September 3, 1963 9.5 7.0 25 467.1 95
September 8, 1963 8.5 7.0 15 3.0 1
September 16 - September 27, 1963 3.0 2.1 0.9 21.4 12
September 29 - October 9, 1963 3.0 2.1 0.9 18.8 11
October 11 - October 20, 1963 3.0 2.1 0.9 17.1 10
June 13 - August 14, 1964 10.0 7.0 3.0 374.9 63
June 7 - June 12, 1978 10.0 7.0 3.0 35.7 6
June 15 - June 18, 1978 10.0 7.7 2.3 17.9 4
June 26 - August 29, 1978 9.9 7.0 2.9 379.8 65
November 1, 1978 - February 23, 1979 2.8 2.1 0.7 156.5 115
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Table 4.6.1-4 (continued)

Summary of Daily Bypass Flow Reductions Compared to Current Conditions (2006)

oot | Formend | eypass |y | o
Location/Dates Bypass Ath)ion Reduction | Reduction Byp);ss
(cfs)* Bypass (cfs)? G5 IR Reduced

April 7 - May 14, 1979 2.9 2.1 0.8 59.3 38
May 19 - May 31, 1979 9.8 7.0 2.8 73.2 13

Total 3,321 949
Vasquez Creek below Denver Water’s Diversion
June 1 - August 4, 1954 8.0 5.6 2.4 309.4 65
June 1 - September 15, 1955 5.6 4.0 1.6 339.6 107
November 1 - December 31, 1955 2.1 15 0.6 71.9 61
October 24 - October 26, 1955 2.1 1.8 0.3 1.5 3
May 23 - September 15, 1956 5.6 4.0 16 368.1 116
October 4, 1956 2.1 1.8 0.3 0.6 1
November 1, 1956 - March 21, 1957 2.1 15 0.5 151.5 141
April 17 - May 14, 1957 2.1 15 0.6 33.3 28
May 15 - May 25, 1957 5.6 4.0 1.6 34.9 11
June 1 - September 15, 1963 8.0 5.6 2.4 509.4 107
June 23 - August 2, 1964 8.0 5.6 24 195.2 41
June 5 - September 15, 1978 8.0 5.6 2.4 490.3 103
November 8 - November 24, 1978 3.0 2.5 0.5 16.2 17
December 29, 1978 - May 15, 1979 3.0 2.1 0.9 244.6 137
May 15 - May 31, 1979 8.0 5.6 2.4 80.9 17

Total 2,847 955
Ranch Creek below Denver Water’s Diversion
June 1 - June 25, 1954 4.0 2.9 1.1 54.7 25
July 1 -July 2, 1954 4.0 35 0.5 1.9 2
July 4, 1954 4.0 3.9 0.2 0.3 1
July 7, 1954 4.0 3.9 0.1 0.2 1
June 1 - August 31, 1955 2.8 2.0 0.8 138.5 92
September 23 - October 11, 1955 1.3 1.0 0.3 10.9 19
November 3 - November 7, 1955 1.2 1.0 0.2 2.0 5
November 9 - November 15, 1955 1.2 1.0 0.2 2.2 7
November 17 - November 29, 1955 11 1.0 0.1 3.2 13
December 6, 1955 1.1 1.0 0.1 0.2 1
May 28, 1956 2.8 2.3 0.5 1.0 1
June 6 - July 9, 1956 2.8 2.0 0.8 53.0 34
July 13 - July 18, 1956 2.7 2.0 0.7 8.2 6
July 24 - July 26, 1956 2.2 2.0 0.2 1.2 3
July 29 - August 3, 1956 2.6 2.0 0.6 7.1 6
August 16 - August 17, 1956 24 2.0 04 14 2
August 20, 1956 2.6 2.0 0.6 1.2 1
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Table 4.6.1-4 (continued)
Summary of Daily Bypass Flow Reductions Compared to Current Conditions (2006)

Conditions | Proposed | 2P | Bypas | R
Location/Dates Bypass Ath)ion Reduction | Reduction Byp)allss
(cfs)* Bypass (cfs)? &5 IF) Reduced
September 23 - September 26, 1956 1.1 1.0 0.1 1.0 4
October 1 - October 13, 1956 1.1 1.0 0.1 3.2 13
October 21 - November 12, 1956 1.2 1.0 0.2 6.9 23
November 17, 1956 1.1 1.0 0.1 0.2 1
November 21 - November 22, 1956 1.1 1.0 0.1 0.4
November 24 - December 9, 1956 11 1.0 0.1 4.2 16
December 11 - December 12, 1956 1.1 1.0 0.1 0.4 2
May 2 - May 14, 1957 1.4 1.0 0.4 10.3 13
May 15 - May 25, 1957 2.8 2.0 0.8 175 11
June 1 - July 16, 1963 4.0 2.8 1.2 109.1 46
August 4 - August 8, 1963 3.1 2.8 0.3 2.6 5
August 11 - August 20, 1963 34 2.8 0.6 12.3 10
August 22 - September 15, 1963 3.8 2.8 1.0 49.4 25
September 16 - October 20, 1963 1.9 14 0.5 36.9 35
June 23 - July 18, 1964 4.0 2.8 1.2 59.1 26
July 24, 1964 3.5 2.8 0.7 1.4 1
July 31 - August 1, 1964 2.9 2.8 0.1 0.4
June 5 - June 9, 1978 4.0 2.8 1.2 11.9 5
June 29 - August 11, 1978 3.9 2.8 11 91.8 44
April 19, 1979 15 1.4 0.1 0.2 1
April 24 - April 25, 1979 1.6 14 0.2 0.6
April 27 - April 28, 1979 15 14 0.1 0.4 2
May 5 - May 14, 1979 18 14 0.4 7.9 10
May 15 - May 29, 1979 4.0 2.9 1.0 31.1 15
May 31, 1979 4.0 2.8 1.2 2.4 1
Total 749 534

Notes:
“The bypass is the average for the period shown.
?Bypass flow reductions under each of the Moffat Project alternatives would be the same as under Full Use of the Existing System.

Denver Water’s additional diversions under the Proposed Action with RFFAs would result
in more days that flows would be reduced to minimum bypass requirements. In addition,
tributaries without bypass requirements would be dried up for a longer duration. Streams
without bypass requirements would be dried up for a longer period primarily during the
summer months from May through July in wet years. The increase in the number of days
streams would be dried up is discussed below for each relevant stream segment. While
there would be an increase in zero flow days during the runoff period, during winter months
most tributaries that do not have bypass requirements are already dried up. This occurs
because diversion head gates are set in November or December and are not changed until
April of the following year. This typically results in 100% of the flow being diverted
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during the winter from tributaries without bypass requirements. For example, under
Current Conditions (2006) there was no flow below Denver Water’s diversion on Jim Creek
for 172 days out of 182 days on average from October through March. On Jim Creek, there
was almost always zero flow from October through March under Current Conditions (2006)
except in two wet years during the study period. This pattern is consistent for all tributaries
that do not have bypass requirements at Denver Water’s diversion points.

Flow reductions are discussed in more detail in the following sections for each river
segment.

Moffat Tunnel Diversions

Additional Moffat Tunnel diversions would be highly concentrated during runoff months
primarily in May, June, and July. Additional diversions through Moffat Tunnel would be
greatest in wet years following dry year sequences. As shown in Tables H-7.1 through
H-7.3, average annual Moffat Tunnel diversions would increase by 13,000 AF or 20%,
17,100 AF or 30%, and 2,000 or 4% in average, wet and dry years, respectively. The
maximum monthly and annual increase in diversions would be 33,480 AF and 70,900 AF,
respectively. Additional diversions in dry years would occur due to reductions in bypass
flows as discussed above. Additional diversions through the Moffat Tunnel would be due
in part to Denver Water’s demands increasing prior to the Moffat Project coming on line
and in part to the Moffat Project. As Denver Water’s average annual demand increases
from 285,000 AF/yr (Current Conditions) to 345,000 AF/yr (Full Use of the Existing
System), Moffat Tunnel diversions would increase by 2,700 AF/yr on average. Moffat
Tunnel diversions would increase by an additional 10,300 AF/yr on average due to the
Proposed Action with RFFAs.

Additional diversions through Moffat Tunnel would occur primarily in average and wet
years during runoff. The maximum monthly average increase in diversions would occur in
June, with a 119.9 cubic feet per second (cfs) or 36% increase (Table H-1.28). In dry years,
the maximum monthly average increase in diversions would occur in July, with a 21.1 cfs
or 23% increase. In wet years, the maximum monthly average increase in diversions would
also occur in June, with a 149.3 cfs or 101% increase.

Table H-6.9 shows the percentage of days from May through July that Moffat Tunnel
diversions would change. There would be little to no change in diversions (flow change
less than 1 cfs) about 27% of the time. Increases in diversions from 1 to 99 cfs would be
most common and occur approximately 53% of the time. The maximum daily increase in
diversions would be 852 cfs in mid-June (this includes 151 cfs delivered from the Williams
Fork River Basin).

Additional diversions from late summer through early spring would be minimal except in
infrequent, very wet years. Additional diversions during winter months would occur in

2 years during the 45-year study period. Additional diversions would occur during those
months because Gross Reservoir would not be full under the Proposed Action with RFFAs
in which case there was additional space in Gross Reservoir to store water diverted through
the Moffat Tunnel. In winter months when additional diversions take place, the flow below
the diversion structure would typically be equal to or higher than the average winter flow at
that location. While there would be an increase in diversions in two winters, there would
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generally be no flow in tributaries that do not have bypass requirements during the winter.
Under Current Conditions (2006), Denver Water typically diverts 100% of the flow during
the winter from tributaries that do not have bypass requirements at its diversion points.

In all but 2 years of the study period, monthly diversions during winter months (primarily
November and December) would decrease slightly compared to Current Conditions (2006)
due to additional diversions for snowmaking purposes in the Fraser River Basin. Some of
the water that would be diverted through the Moffat Tunnel under Current Conditions
(2006) would be diverted for snowmaking purposes instead because those demands
increase in the future. For example, snowmaking diversions from Little Vasquez Creek
occur ahead of Denver Water’s diversions. As a result, under Current Conditions (2006), in
November and December there are sufficient flows to meet snowmaking diversions and any
remaining flow is diverted by Denver Water. However, under the Proposed Action with
RFFAs, the demand for snowmaking increases considerably. Under that scenario, there is
little to no water remaining after water is diverted for snowmaking, so Denver Water’s
diversions at that location would drop to zero most of the time in November and December.

Fraser River Mainstem Stream Flow

Below Denver Water’s mainstem Fraser River Diversion, annual flows would decrease by
1,800 AF or 35% on average, 300 AF or 11% in dry years and 2,900 AF or 28% in wet
years. Monthly average flows would decrease by a maximum of 21.5 cfs or 51% in June
(Table H-1.29). In dry years, monthly average flows would decrease by a maximum of

1.6 cfs or 18% in June and 23% in July. In wet years, monthly average flows would
decrease by a maximum of 31.5 cfs or 33% in June. Decreases in flow would be greatest in
June on average because this coincides with the month when Moffat Tunnel diversions
would increase most. The Fraser River at Winter Park gage is located downstream of
Denver Water’s mainstem Fraser River Diversion and their tributary diversions from Jim
Creek, Cub Creek, Buck Creek, and Cooper Creek. Annual flows at this location would
decrease by 2,500 AF or 29% on average, 290 AF or 7% in dry years, and 4,200 AF or 25%
in wet years. Monthly average flows would decrease by a maximum of 28.7 cfs or 49% in
June (Table H-1.33). In dry years, monthly average flows would decrease by a maximum
of 1.6 cfs or 17% in June and July. In wet years, monthly average flows would decrease by
a maximum of 45.5 cfs or 33% in June.

Flows would be reduced to the minimum summer bypass requirement of 10 cfs at the
Winter Park gage as a result of additional upstream diversions, approximately 6 more days
a year on average and a maximum of 22 more days in one year. These flow reductions
would occur primarily in June, and May and July to a lesser degree in wet years.

Continuing downstream, the Fraser River would be affected by Denver Water’s diversions
from Vasquez, Elk, St. Louis, and Ranch creeks as well as additional diversions to meet
increased demands for water providers in the Fraser River Basin. Generally, the reduction
in flow due to additional diversions rises in the downstream direction however, reductions
would be smaller relative to the total stream which is growing. For some reaches, however,
flows at locations downstream of Denver Water’ Moffat Collection System would be less at
certain times of the year if gains do not exceed the amount diverted for irrigation and
municipal use. This is primarily an issue following runoff in July and August along the
Fraser River mainstem downstream of the confluence of Vasquez Creek and upstream of

4-82 Surface Water — Proposed Action — Fraser River



Chapter 4 - Total Environmental Effects

the confluence with St. Louis Creek, and along St. Louis and Vasquez creeks. While this
would magnify the percentage reduction in flow, Denver Water’s additional diversions in
July and August are typically low because the amount physically and legally available is
limited.

Below the confluence with Vasquez Creek, annual flows in the Fraser River would decrease
by 7,900 AF or 39% on average, 3,000 AF or 34% in dry years, and 10,800 AF or 28% in
wet years. Monthly average flows would decrease by a maximum of 61.2 cfs or 45% in
June (Table H-1.38). In dry years, monthly average flows would decrease by a maximum
of 7.7 cfs or 36% in June and 39% in July. In wet years, monthly average flows would
decrease by a maximum of 89.1 cfs or 29% in June.

Downstream of the confluence with St. Louis Creek, annual flows in the Fraser River
would decrease by 13,500 AF or 36% on average, 6,100 AF or 42% in dry years, and
17,600 AF or 23% in wet years. Monthly average flows would decrease by a maximum of
91.0 cfs or 36% in June (Table H-1.44). In dry years, monthly average flows would
decrease by a maximum of 13.8 cfs or 53% in July. In wet years, monthly average flows
would decrease by a maximum of 123.7 cfs or 22% in June. Flows decrease substantially
in the reach below the confluence with Vasquez Creek to below the confluence with

St. Louis Creek due to additional diversions by the Town of Fraser. The Town of Fraser’s
average annual demand is expected to increase from 310 AF under Current Conditions
(2006) to 3,326 AF under build-out conditions. Wastewater Treatment Plant (WWTP)
discharges attributable to the Town of Fraser’s indoor use return downstream of the
confluence with St. Louis Creek at the Fraser Sanitation District WWTP (Node 2710). The
decrease in flow is significantly less downstream of the WWTP discharge. The increased
net depletion to the river attributable to the Town of Fraser water use is approximately

350 AF/yr.

Downstream of the confluence with Crooked Creek, which is located downstream of all of
Denver Water’s Fraser River Basin diversions, annual flows would decrease by 11,100 AF
or 13% on average, 1,500 AF or 4% in dry years, and 15,700 AF or 10% in wet years.
Monthly average flows would decrease by a maximum of 104.4 cfs or 21% in June

(Table H-1.49). In dry years, monthly average flows would decrease by a maximum of
7.9 cfs or 9% in June. In wet years, monthly average flows would decrease by a maximum
of 139.5 cfs or 13% in June.

At the Fraser River at Granby gage, which is located close to the confluence with the
Colorado River, annual flows would decrease by 11,400 AF or 12% on average, 1,900 AF
or 5% in dry years, and 16,000 AF or 9% in wet years. Monthly average flows would
decrease by a maximum of 105.6 cfs or 20% in June (Table H-1.50). In dry years, monthly
average flows would decrease by a maximum of 8.9 cfs or 10% in June and 16% in July. In
wet years, monthly average flows would decrease by a maximum of 140.6 cfs or 12% in
June.

Decreases in flow in the Fraser River Basin are primarily a result of Denver Water’s
additional diversions through the Moffat Tunnel, which are due in part to Denver Water’s
demands increasing prior to the Moffat Project coming on line and in part to the Moffat
Project. In addition to Denver Water’s diversions, average annual municipal and
snowmaking demands in the Fraser River Basin would increase by about 10,000 AF. These
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demands would result in additional depletions of approximately 1,200 AF/yr on average
and changes in the timing and quantity of return flows. As shown in Table 4.6.1-5, water
supplies are adequate to meet existing demands for water providers in the Fraser River
Basin. Under the Proposed Action with RFFAs, however, several water providers would
experience average annual shortages ranging from 6 AF to 364 AF. Shortages would be
most severe for Grand County Water and Sanitation District (GCWSD) and the Town of
Fraser, averaging 364 AF/yr and 247 AF/yr, respectively. These shortages would largely be
caused by Denver Water’s additional diversions from Vasquez Creek and Little Vasquez
Creek as their demand increases from Current Conditions (285,000 AF/yr on average) to
Full Use of the Existing System (345,000 AF/yr) prior to implementation of the Proposed
Action with RFFAs. Information provided by GCWSD staff indicates they would avoid
potential shortages as their demand increases through infrastructure investments. This
would likely include a new diversion from the Fraser River mainstem to enable use of their
conditional Fraser River water rights, a pump station and Water Treatment Plant.
GCWSD’s Fraser River diversions would likely not be called out by downstream rights
during the winter because their WWTP effluent returns to the Fraser River above other
downstream diverters. While GCWSD’s shortages may be averted this could increase
shortages for other downstream junior diversions or decrease flows since Grand County
would be able to divert more water.

Other water providers in the Fraser River Basin that would experience shortages to a lesser
degree include Winter Park Recreation and Water and Sanitation District (\ WPRWSD),
Winter Park West Water and Sanitation District, Silver Creek Resort, and the Town of
Granby. The majority of additional shortages in the Fraser River Basin would occur due to
Denver Water’s additional diversions as their average annual demand increases from
Current Conditions (2006) to Full Use of the Existing System. Tables H-13.1 through
H-13.8 summarize additional shortages anticipated to occur between Current Conditions
(2006) and Full Use of the Existing System for Grand County water providers. Additional
shortages would occur primarily during the fall and winter months from October through
April due to Denver Water’s upstream diversions and limited physically and legally
available supplies. The shortage for Silver Creek Resort of approximately 18 AF would
occur because their build-out demand exceeds the delivery capacity of their existing
infrastructure in December. This shortage could potentially be avoided if the capacity of
their water supply system was expanded. The shortage for WPRWSD of approximately

6 AF would occur because their build-out demand exceeds the supply that can be provided
by their existing water rights. This shortage could potentially be avoided if WPRWSD
acquired additional water rights.
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Table 4.6.1-5
Summary of Grand County and Summit County Demands and Shortages for the Project Alternative Scenarios

Grand County Average Annual Demands and Shortages (AF)

Difference in Build-out Shortage with the Alternatives

Current Conditions

Water Provider (2006) Full Use of the Proposed Action Alternative 1c Alternative 8a Alternative 10a Alternative 13a
Existing System with RFFAs with RFFAs with RFFAs with RFFAs with RFFAs
Diversion Differ- Differ- Differ- Differ- Differ-
Node NE Demand Shortage | Demand | Shortage | Shortage ence Shortage ence Shortage ence Shortage ence Shortage ence
Columbine
1065 Lake WD 157 0 303 0 0 0 0 0 0 0 0 0 0 0
1070 | Townof Grand 198 0 1,262 1 1 0 1 0 1 0 1 0 1 0
Lake
1400 | Hot Sulphur 113 0 1,668 70 70 0 70 0 70 0 70 0 70 0
Springs
1700 | Town of 443 0 889 33 32 0 32 0 32 0 32 0 33 0
Kremmling
Winter Park
2130 | Rec.and W&S 149 0 500 6 6 0 6 0 6 0 6 0 6 0
(Indoor)
Winter Park
2390 | Rec. 195 0 470 0 0 0 0 0 0 0 0 0 0 0

(Snowmaking)

Grand County

2360 | \yoes 688 0 3713 358 364 6 364 6 364 6 364 6 364 6
Winter Park

2620 |\ e 455 0 617 29 29 0 29 0 29 0 29 0 29 0

2640 | Town of Fraser 310 0 3,326 247 247 0 247 0 247 0 247 0 247 0

2850 | Silver Creek 186 0 2,951 18 18 0 18 0 18 0 18 0 18 0
Resort

2880 | Town of 229 0 465 6 6 0 6 0 6 0 6 0 6 0
Granby

a100 | Arapahoe Basin 45 1 209 60 60 0 60 0 60 0 60 0 60 0
Snowmaking
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Table 4.6.1-5 (continued)
Summary of Grand County and Summit County Demands and Shortages for the Project Alternative Scenarios

Grand County Average Annual Demands and Shortages (AF)

Water Provider

Current Conditions

Difference in Build-out Shortage with the Alternatives

Full Use of the

Proposed Action

Alternative 1c

Alternative 8a

Alternative 10a

Alternative 13a

2006
( ) Existing System with RFFAs with RFFAs with RFFAs with RFFAs with RFFAs
Diversion Differ- Differ- Differ- Differ- Differ-
Node N Demand Shortage | Demand | Shortage | Shortage . Shortage . Shortage iy Shortage iy Shortage T
Keystone-
4115 | Montezuma 0 0 30 5 5 0 5 0 5 0 5 0 5 0
Domestic
Keystone Snake
4135 | River 626 151 1,159 181 181 0 181 0 181 0 181 0 181 0
Snowmaking
4140 | Keystone Gulch 0 0 78 9 9 0 9 0 9 0 9 0 9 0
a145 | Keystone Golf 174 0 175 0 0 0 0 0 0 0 0 0 0 0
Course
4150 | Keystone Ranch 273 0 279 0 0 0 0 0 0 0 0 0 0 0
4120 \S/\r,‘gke River 613 2 1,903 24 24 0 24 0 24 0 24 0 24 0
4225 | East Dillon WD 292 0 623 1 1 0 1 0 1 0 1 0 1 0
4065/ Town of
4070/ Breckenridae 2,330 1 3,506 2 2 0 2 0 2 0 2 0 2 0
4090 g
a0g5 | Breckenridge 169 2 169 3 3 0 3 0 3 0 3 0 3 0
Golf Course
4055 | Breckenridge 541 0 809 1 1 0 1 0 1 0 1 0 1 0
Ski Resort
Copper
4170 | Mountain 266 0 1,111 18 18 0 18 0 18 0 18 0 18 0
W&SD
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Table 4.6.1-5 (continued)

Summary of Grand County and Summit County Demands and Shortages for the Project Alternative Scenarios

Grand County Average Annual Demands and Shortages (AF)

Current Conditions

Difference in Build-out Shortage with the Alternatives

Water Provider (2006) Full Use of the Proposed Action Alternative 1c Alternative 8a Alternative 10a Alternative 13a
Existing System with RFFAs with RFFAs with RFFAs with RFFAs with RFFAs
Diversion Differ- Differ- Differ- Differ- Differ-
Node NE Demand Shortage | Demand | Shortage | Shortage ence Shortage ence Shortage ence Shortage ence Shortage ence
Copper
4175/ | Mountain
4180 | (outdoor & 488 0 850 0 0 0 0 0 0 0 0 0 0 0
snowmaking)
4205 | Town of Frisco 846 0 1,975 0 0 0 0 0 0 0 0 0 0 0
4290 | Dillon Valley 327 0 402 0 0 0 0 0 0 0 0 0 0 0
demand
4295 | Town of Dillon 330 0 701 0 0 0 0 0 0 0 0 0 0 0
Buffalo
4340 | Mountain/ 297 0 744 0 0 0 0 0 0 0 0 0 0 0
Mesa Cortina
4350 | Townof 754 0 2,124 0 0 0 0 0 0 0 0 0 0 0
Silverthorne
4400 | Eagle’s Nest 331 0 1,005 0 0 0 0 0 0 0 0 0 0 0
Notes:
RFFA = reasonably foreseeable future action
W&S = water & sanitation
W&SD = Water & Sanitation District
WD = Water District
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As shown in Table 4.6.1-6, a portion of the shortages incurred by three water providers
(Grand County Water and Sanitation District, Town of Fraser, and Winter Park West Water
and Sanitation District) would be caused by reductions in bypass flows that are anticipated
to occur between Current Conditions (2006) and Full Use of the Existing System. As
discussed above, Grand County Water and Sanitation District would avoid these potential
shortages through infrastructure investments. Shortages due to bypass flow reductions for
the Town of Fraser and Winter Park West Water and Sanitation District would occur during
the winter from October through March.

Table 4.6.1-6
Summary of Grand County Demands and Shortages
with and without Bypass Reductions in the Fraser River Basin

Average Annual Shortages®
Node Water Provider Demand | with Bypass Without

Reductions ek

Reductions

1400 | Hot Sulphur Springs 1,668 70 70
1700 | Town of Kremmling 889 33 33
2130 | Winter Park Rec and W&S (Indoor) 500 6 6
2360 | Grand County W&SD 3,713 358 318
2620 | Winter Park West W&SD 617 29 19
2640 | Town of Fraser 3,326 247 205
2850 | Silver Creek Resort 2,951 18 18
2880 | Town of Granby 465 6 6

Notes:

The shortages reported are for Full Use of the Existing System.
W&S = water & sanitation

W&SD = Water & Sanitation District

Jim Creek Stream Flow

Below Denver Water’s Jim Creek Diversion, annual flows would decrease by 470 AF or
57% on average and 980 AF or 37% in wet years. There would be no decrease in flows in
dry years. Monthly average flows would decrease by a maximum of 5.5 cfs or 54% in June
(Table H-1.30). In wet years, monthly average flows would decrease by a maximum of
10.7 cfs or 35% in June.

Flows would be reduced to 0 cfs at this location as a result of Denver Water’s additional
diversions during the summer approximately 5 more days a year on average and a
maximum of 26 more days in one year. These flow reductions would occur primarily in
June, and May and July to a lesser degree in wet years.

Cub and Buck Creeks Stream Flow

Below Denver Water’s diversions from Cub and Buck creeks, annual flows would decrease
by 110 AF or 36% on average and 220 AF or 33% in wet years. There would be no
decrease in flows in dry years. Monthly average flows would decrease by a maximum of
1.3 cfs or 58% in June (Table H-1.31). In wet years, monthly average flows would
decrease by a maximum of 2.6 cfs or 37% in June.
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Flows would be reduced to 0 cfs at this location as a result of Denver Water’s additional
diversions during the summer approximately 7 more days a year on average and a
maximum of 28 more days in one year. These flow reductions would occur primarily in
June, and May and July to a lesser degree in wet years.

Cooper Creek Stream Flow

Below Denver Water’s diversion from Cooper Creek, annual flows would decrease by
35 AF or 42% on average, 4 AF or 8% in dry years, and 55 AF or 52% in wet years.
Monthly average flows would decrease by a maximum of 0.4 cfs or 73% in June

(Table H-1.32). In dry years, monthly average decreases in flow would be minimal (less
than 0.1 cfs). In wet years, monthly average flows would decrease by a maximum of
0.8 cfs or 70% in June.

Flows would be reduced to 0 cfs at this location as a result of Denver Water’s additional
diversions during the summer approximately 7 more days a year on average and a
maximum of 28 more days in one year. These flow reductions would occur primarily in
June, and May and July to a lesser degree in wet years.

Vasquez Creek and Tributaries Stream Flow

Denver Water’s diversions from the Williams Fork River Basin are delivered into Vasquez
Creek above the Moffat Collection System via the Gumlick and Vasquez tunnels. Below the
outfall from the Vasquez Tunnel, annual flows would increase by 2,800 AF or 19% on
average, 1,300 AF or 10% in dry years, and 2,200 AF or 15% in wet years. Monthly
average flows would increase by a maximum of 19.8 cfs or 48% in July (Table H-1.34). In
dry years, monthly average flows would increase by a maximum of 16.7 cfs or 103% in
July. In wet years, monthly average flows would increase by a maximum of 13.8 cfs or
22% in June.

Below Denver Water’s diversion from Vasquez Creek, annual flows would decrease by
2,400 AF or 31% on average, 160 AF or 5% in dry years, and 3,500 AF or 22% in wet
years. Monthly average flows would decrease by a maximum of 23.1 cfs or 41% in June
(Table H-1.35). In dry years, monthly average flows would decrease by a maximum of
1.3 cfs or 17% in June and July. In wet years, monthly average flows would decrease by a
maximum of 32.2 cfs or 25% in June.

Below Denver Water’s diversion from Little Vasquez Creek, annual flows would decrease
by 410 AF or 67% on average and 550 AF or 54% in wet years. There would be no
decrease in flows in dry years. Monthly average flows would decrease by a maximum of
4.4 cfs or 64% in June (Table H-1.36). In wet years, monthly average flows would
decrease by a maximum of 6.4 cfs or 56% in June.

Flows would be reduced to the minimum summer bypass requirement of 8 cfs below
Denver Water’s Vasquez Creek diversion as a result of additional diversions approximately
13 more days a year on average and a maximum of 67 more days in one year. Below
Denver Water’s diversion from Little Vasquez Creek, flows would be reduced to 0 cfs as a
result of additional diversions during the summer approximately 10 more days a year on
average and a maximum of 55 more days in one year. These flow reductions would occur
primarily in June and July, and May and August to a lesser degree in wet years.
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At the Vasquez Creek gage, annual flows would decrease by 5,500 AF or 53% on average,
2,800 AF or 67% in dry years, and 6,700 AF or 34% in wet years. Monthly average flows
would decrease by a maximum of 32.6 cfs or 44% in June (Table H-1.37). In dry years,
monthly average flows would decrease by a maximum of 6.2 cfs or 56% in June and 62%
in July. In wet years, monthly average flows would decrease by a maximum of 43.7 cfs or
28% in June. Flows decrease substantially at the Vasquez Creek gage due to additional
diversions by Grand County Water and Sanitation District. Grand County Water and
Sanitation District’s average annual demand is expected to increase from 688 AF under
Current Conditions (2006) to 3,713 AF under build-out conditions. WWTP discharges
attributable to indoor use return downstream of the confluence with St. Louis Creek at the
Fraser Sanitation District WWTP (Node 2710). The decrease in flow is significantly less
downstream of the WWTP discharge. The increased net depletion to the river attributable
to Grand County Water and Sanitation District is approximately 470 AF/yr.

Elk Creek and Tributaries Stream Flow

Below Denver Water’s diversions from Elk Creek, West and East Elk creeks, and the East
and West forks of main Elk Creek, annual flows would decrease by 280 AF or 32% on
average and 410 AF or 23% in wet years. There would be no decrease in flows in dry
years. Monthly average flows would decrease by a maximum of 2.9 cfs or 38% in June
(Table H-1.39). In wet years, monthly average flows would decrease by a maximum of
4.1 cfs or 24% in June.

Flows would be reduced to O cfs at this location as a result of Denver Water’s additional
diversions during the summer approximately 6 more days a year on average and a
maximum of 30 more days in one year. These flow reductions would occur primarily in
May and June, and July and August to a lesser degree in wet years.

St. Louis Creek and Tributaries Stream Flow

Below Denver Water’s diversion from St. Louis Creek, annual flows would decrease by
1,200 AF or 20% on average, 240 AF or 8% in dry years and 1,600 AF or 14% in wet
years. Monthly average flows would decrease by a maximum of 10.7 cfs or 27% in June
(Table H-1.40). In dry years, monthly average flows would decrease by a maximum of
1.6 cfs or 17% in June. In wet years, monthly average flows would decrease by a
maximum of 11.5 cfs or 14% in June.

Below Denver Water’s diversion from tributaries to St. Louis Creek including West and
East St. Louis creeks, Short Creek, Byers Creek, Iron Creek, and Fool Creek, average
annual flows would decrease by 1,200 AF or 46% and 1,800 AF or 24% in wet years.
There would be no decrease in flows in dry years. Monthly average flows would decrease
by a maximum of 11.6 cfs or 43% in June (Table H-1.41). In wet years, monthly average
flows would decrease by a maximum of 14.4 cfs or 21% in June.

Below Denver Water’s diversion from King Creek, annual flows would decrease by 60 AF

or 47% on average and 80 AF or 25% in wet years. There would be no decrease in flows in
dry years. Monthly average flows would decrease by a maximum of 0.5 cfs or 44% in June
(Table H-1.43). In wet years, monthly average flows would decrease by a maximum of

0.7 cfs or 24% in June.
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At the St. Louis Creek near Fraser gage, annual flows would decrease by 2,500 AF or 16%
on average, 240 AF or 3% in dry years, and 3,400 AF or 12% in wet years. Monthly
average flows would decrease by a maximum of 22.4 cfs or 22% in June (Table H-1.42). In
dry years, monthly average flows would decrease by a maximum of 1.6 cfs or 6% in June.
In wet years, monthly average flows would decrease by a maximum of 25.8 cfs or 13% in
June.

Flows would be reduced to the minimum summer bypass requirement of 10 cfs below
Denver Water’s St. Louis Creek diversion as a result of additional diversions approximately
12 more days a year on average and a maximum of 61 more days in one year. Below
Denver Water’s diversions from St. Louis Creek tributaries and King Creek, flows would
be reduced to O cfs as a result of additional diversions approximately 13 more days a year
on average and a maximum of 69 more days in one year. These flow reductions would
occur primarily in June and July, and May and August to a lesser degree in wet years.

Ranch Creek and Tributaries Stream Flow

Downstream of Denver Water’s Englewood Ranch Gravity System, which includes
diversions from North and South Trail creeks, Hurd Creek, Hamilton Creek, Cabin Creek,
and Little Cabin Creek, annual flows would decrease by 310 AF or 4% on average and

570 AF or 5% in wet years. There would be no decrease in flows in dry years. Monthly
average flows would decrease by a maximum of 1.9 cfs or 11% in July (Table H-1.45). In
wet years, monthly average flows would decrease by a maximum of 5.5 cfs or 21% in May.

Downstream of Denver Water’s North Fork Ranch Creek and Dribble Creek diversions,
annual flows would decrease by 400 AF or 27% on average and 470 AF or 14% in wet
years. The decrease in flows in dry years would be insignificant. Monthly average flows
would decrease by a maximum of 3.6 cfs or 23% in June (Table H-1.46). In wet years,
monthly average flows would decrease by a maximum of 3.7 cfs or 12% in June.

Downstream of Denver Water’s Main Ranch Creek diversion, annual flows would decrease
by 450 AF or 16% on average, 80 AF or 6% in dry years, and 480 AF or 9% in wet years.
Monthly average flows would decrease by a maximum of 4.5 cfs or 22% in June

(Table H-1.47). In dry years, monthly average flows would decrease by a maximum of

0.6 cfs or 14% in June. In wet years, monthly average flows would decrease by a
maximum of 4.3 cfs or 11% in June.

Downstream of Denver Water’s Middle and South Fork of Ranch Creek diversions, annual
flows would decrease by 900 AF or 39% on average and 1,100 AF or 18% in wet years.
There would be no decrease in flows in dry years. Monthly average flows would decrease
by a maximum of 8.7 cfs or 35% in June (Table H-1.48). In wet years, monthly average
flows would decrease by a maximum of 8.8 cfs or 15% in June.

Flows would be reduced to the minimum summer bypass requirement of 4 cfs below
Denver Water’s main Ranch Creek diversion as a result of additional diversions
approximately 9 more days a year on average and a maximum of 60 more days in one year.
Below Denver Water’s diversions from the Middle and South Forks of Ranch Creek, flows
would be reduced to 0 cfs as a result of additional diversions approximately 13 more days a
year on average and a maximum of 72 more days in one year. Below Denver Water’s
diversions from the North Fork of Ranch Creek and Dribble Creek flows would be reduced
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to O cfs as a result of additional diversions approximately 9 more days a year on average
and a maximum of 71 more days in one year. These flow reductions would occur primarily
in June and July, and May and August to a lesser degree in wet years.

Fraser River Native Stream Flow

As discussed in Section 3.1, Denver Water diverts the greatest percentage of native flow
from small tributaries that do not have bypass flow requirements. At locations further
downstream along the Fraser River mainstem, the percentage of native flow diverted by
Denver Water decreases due to tributary inflows. Tables H-12.1 through H-12.5 and H-12.7
through H-12.15 show the native flow and the amount and percent diverted at Denver
Water’s diversions in the Fraser River Basin under Current Conditions (2006), Full Use of the
Existing System, No Action and each of the action alternatives. Additional native flow
diversions would occur primarily in average and wet years during the runoff season from
May through July. Under Current Conditions (2006), the average annual percentage of
native flow diverted ranges from 19% at the Englewood Ranch Gravity System up to 89%
at Denver Water’s Jim Creek Diversion. Under the Proposed Action with RFFAs, the
average annual percentage of native flow diverted would range from 22% at the Englewood
Ranch Gravity System up to 95% at Denver Water’s Jim Creek Diversion. The average
annual percentage of native flow diverted would increase by 3% at the Englewood Ranch
Gravity System up to 15% at Denver Water’s diversions from the Middle and South Fork of
Ranch Creek, King Creek and St. Louis Creek tributaries. In general the average annual
percentage of native flow diverted by Denver Water would increase by about 12%
compared to Current Conditions (2006). There would be little to no increase in the
percentage of native flow diverted in winter months. The increase in the percentage of
native flow diverted would be greatest in June at almost all locations in the Fraser River
Basin. In June, the average annual percentage of native flow diverted would increase by
about 15 to 20% compared to Current Conditions (2006) at most locations with a maximum
increase of 22% at Denver Water’s Vasquez Creek Diversion.

Table H-12.6 shows the native flow and the amount and percentage added to VVasquez Creek
due to Denver Water’s additional diversions from the Williams Fork River Basin, which are
delivered to Vasquez Creek via the Gumlick and Vasquez tunnels. Denver Water’s
additional diversions from the Williams Fork River Basin would almost double the average
annual flow in VVasquez Creek under the Proposed Action with RFFAs. The increase in
flows below the Vasquez Tunnel outfall would be greatest in May and June in dry years. In
June, the average monthly flow in a dry year would increase by 71.7 cfs from 16.8 cfs to
88.4 cfs.

Fraser River Daily Flow Changes

Figures H-4.1 through H-4.69 show average daily diversions through the Moffat Tunnel
and hydrographs at locations of interest in the Fraser River Basin for average, dry and wet
conditions.

Figures H-5.1 through H-5.11 present flow duration curves at several locations of interest in
the Fraser River Basin. As shown by the flow duration curves, flow reductions would
occur at higher flow rates, which typically correspond with above average and wet years.

4-92 Surface Water — Proposed Action — Fraser River



Chapter 4 - Total Environmental Effects

Table H-6.1 shows the percentage of days from May through July that flow changes would
occur at several locations of interest in the Fraser River Basin. There would be little to no
change in flow (flow change less than 1 cfs) more than 75% of the time at all locations in
the basin upstream of the confluence with St. Louis Creek. Below the confluence with

St. Louis Creek daily decreases in flow ranging up to 100 cfs would occur 88% of the time
or more. Daily decreases in flow would be greatest along the Fraser River mainstem.
Table H-6.19 summarizes maximum daily flow reductions at several locations throughout
the Fraser River Basin. Below Denver Water’s diversion points, reductions in flow would
be due to additional diversions attributable to the Moffat Project. At locations further
downstream in the basin, such as the Vasquez Creek gage, St. Louis Creek near Fraser
gage, Fraser River below St. Louis Creek and the Fraser River at Granby gage, reductions
in flow would be caused by a combination of Denver Water’s additional diversions and
additional municipal diversions by water providers in the Fraser River Basin. The
maximum daily flow reductions would typically occur in June and range from 30 cfs to
230 cfs below Denver Water’s diversion points. The maximum daily flow reduction in the
basin would be 734 cfs at the Fraser River at Granby gage.

Figures H-6.1 through H-6.6 show daily flow changes at several locations in the Fraser
River Basin from October 1953 through September 1957. These figures demonstrate the
flow reductions that would occur in a wet year following a series of dry years. Denver
Water additional diversions during the critical drought period (1954, 1955, and 1956)
would be attributable to reductions in bypass flows. Denver Water’s Moffat Tunnel
diversions in the wet year following the drought would increase by 70,900 AF or 171%
under the Proposed Action with RFFAs. This includes an additional 8,300 AF diverted
from the Williams Fork River Basin. The increase in diversions would be significant
because Denver Water would divert more water to refill the additional firming storage at
Gross Reservoir. A small portion of the additional diversions that year would be due to
increases in Denver Water’s demand under Full Use of the Existing System prior to the
Moffat Project coming on line. The reduction in flows in the year following the drought
depends on many factors including the length and severity of the drought, storage contents
in Denver Water’s system, and the physical and legal availability of water.

In some wet years following a drought, flows below Denver Water’s diversion points would
be more consistent with a dry year or below average year due to additional diversions. The
reduction in flows in the year following the drought would increase the frequency and
duration of dry year conditions. The change in dry year frequency and duration was
evaluated at six locations in the Fraser River Basin including: (1) Fraser River at Winter
Park gage, (2) below Denver Water’s Jim Creek Diversion, (3) Vasquez Creek gage,

(4) St. Louis Creek gage, (5) below Denver Water’s main Ranch Creek Diversion, and

(6) Fraser River below Crooked Creek. These locations are dispersed throughout the Fraser
River Basin and include both tributary and mainstem locations with and without bypass
requirements. Annual flows for Current Conditions (2006), Full Use of the Existing
System, No Action and each of the action alternatives were ranked based on volume. The
bottom 25™ percentile was assumed to include dry and below average years. Under the
Proposed Action with RFFAs, the number of years with annual flows in the bottom

25" percentile would increase from 12 years to 14 years (a 17% increase) at Denver Water’s
Ranch Creek Diversion and 12 to 29 years (an increase of 142%) at the VVasquez Creek
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gage as shown in Tables H-15.1 through H-15.6. The increase in the frequency of dry year
conditions would be greatest along tributaries that Denver Water diverts from. The
significant increase in dry year conditions at the VVasquez Creek gage would be caused by
the combination of additional diversions by Grand County Water and Sanitation District
and Denver Water. Grand County Water and Sanitation District’s average annual demand
is expected to increase from 688 AF under Current Conditions (2006) to 3,713 AF under
build-out conditions. Denver Water’s average annual diversions from Vasquez Creek and
Little Vasquez Creek would increase by approximately 2,800 AF/yr.

This analysis also shows the duration and recurrence of back-to-back dry years will
increase under the Proposed Action with RFFAs. Under Current Conditions (2006), there
would be a total of 3 sets of at least 2 back-to-back dry or below average years, with the
longest period being 3 years in a row at the Fraser River at Winter Park gage. Under the
Proposed Action with RFFAS, there would be 4 sets of at least 2 back-to-back dry or below
average years, with the longest period being 4 years in a row at that location. At the
Vasquez Creek gage, there would be a total of 4 sets of at least 2 back-to-back dry or below
average years under Current Conditions (2006), with the longest period being 3 years in a
row. Under the Proposed Action with RFFAS, there would be 5 sets of at least

2 back-to-back dry or below average years, with the longest period being 6 years in a row at
that location. Results at the other locations are more similar to the Fraser River at Winter
Park gage.

Fraser River Peak Flow Changes

Denver Water’s additional diversions would affect the magnitude, timing, frequency, and
duration of peak flows below their diversion points. The Nature Conservancy’s Indicators
of Hydrologic Alteration (IHA) was used to evaluate changes in the flow regime at

12 locations in the Fraser River Basin. The IHA is a statistically based program for
comparing hydrologic regimes before versus after a river has been altered by human
activities. The data series used for pre- and post-impact periods consisted of daily data
from 1947 through 1991 for Current Conditions (2006) and the Proposed Action with
RFFAs, respectively.

IHA Version 7.1.0.10 (Copyright 1996-2009, The Nature Conservancy) was used to
analyze what are termed “Environmental Flow Components” (EFC) of the stream regime.
IHA was used to calculate parameters for four different types of EFCs: low flows, high
flow pulses, small floods and large floods. Each of the EFC flow types analyzed is
described below:

Low Flows — This is the dominant flow condition in most rivers and is the base level that
exists after a rainfall event or snowmelt period has passed and associated surface runoff
from the contributing watershed has subsided. Low flow levels are sustained by
groundwater discharge to the river.

High-Flow Pulses — High-flow pulses include water rises that occur during rainstorms or
brief periods of snowmelt when the river rises above its low-flow level. High-flow pulses
include water rises that do not overtop the channel banks.
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Small Floods — Small floods include river rises that overtop the main channel but do not
include more extreme, less frequent floods. For this analysis, small floods were defined as
flows equal to or greater than the 2-year flood event but less than the 10-year flood event.

Large Floods — Large floods include more extreme, less frequent events and were defined
as floods equal to or greater than the 10-year flood event.

Values for 30 ecologically-relevant hydrologic parameters were calculated for each year in
the data series. Non-parametric statistics (median values) were used for computing EFC
parameters. The attributes evaluated are based on fundamental characteristics of hydrologic
regimes including flow magnitude, flow timing, flow frequency, flow duration, and the
flow rate of change. Appendix H-14 includes detailed output from the IHA analysis. Inter-
annual statistics were computed by calculating measures of central tendency and dispersion
for the 30 attributes. The coefficient of dispersion was defined as equal to (75" percentile —
25" percentile)/50™ percentile, while the high and low pulse thresholds were set as the
median plus or minus 17%. The deviation of the post-impact period from the pre-impact is
defined as the Deviation Factor, which is equal to (Post-impact value — Pre-impact
value)/Pre-impact value.

Tables H-14.1 through H-14.3 summarize changes in the magnitude, duration, and timing
of high-flow pulses, small floods and large floods at each location analyzed. Tables H-14.4
and H-14.5 summarize changes in the magnitude and timing of the average peak flow for an
average year and wet year based on the average and wet year daily hydrographs included in
Appendix H-4.

There would be little to no change in median monthly low flows at locations high in the
Fraser River Basin. There would be no change in the median low flow along the tributaries
to the Fraser River that were evaluated. Below Denver Water’s Fraser River Diversion, the
median monthly low flow would decrease 0.5 cfs or less during the summer and less than
0.1 cfs during the winter. Further downstream along the Fraser River mainstem below the
confluence with St. Louis Creek, the median monthly low flow would decrease up to 9.1 cfs
during the summer and about 7 cfs during the winter. Decreases in low flows during the
winter are primarily due to additional diversions by the Town of Fraser. WWTP discharges
attributable to the Town of Fraser’s indoor use return downstream of the confluence with
St. Louis Creek at the Fraser Sanitation District WWTP, therefore, decreases in low flows
are less below the WWTP outfall. Below the confluence with Crooked Creek, the median
monthly low flow would decrease up to 4.8 cfs during the summer and less than 0.7 cfs
during the winter.

At the locations evaluated, the magnitude of small flood peak flows would decrease up to

9 cfs (10%) along tributaries to the Fraser River and up to 56 cfs (8%) along the Fraser
River mainstem below St. Louis Creek (Table H-14.1). At some locations, such as King
Creek and the tributaries and mainstem of Ranch Creek, there would be little to no change
in small flood peak flows. Throughout the basin there would be minimal change (+/- up to
three days) in the timing of the small flood peak, which typically occurs in mid- to late
June. There would be a significant decrease in the duration of a small flood along
tributaries to the Fraser River. The duration of a small flood would decrease by about

2 days up to 18 days along tributaries to the Fraser River. The duration of a small flood
would be reduced because it would typically take longer to fill an enlarged Gross Reservoir,
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in which case diversions would continue for a longer period during runoff. The reduction
in the duration of a small flood generally decreases at locations further downstream in the
basin and along the Fraser River mainstem. At the Fraser River below Crooked Creek the
duration of a small flood would actually increase by 1 day.

There would be little change in the timing and magnitude of peak flows for large floods at
the locations evaluated with the exception of the Fraser River below Crooked Creek. At the
Fraser River below Crooked Creek the large flood peak flow would decrease by 392 cfs or
18% (Table H-14.2). This reduction is mainly due to changes in the timing and magnitude
of the peak of the large flood in one year of the study period at that location. There would
be a significant decrease in the duration of large floods along the tributaries and mainstem
of the Fraser River. The duration of a large flood would decrease from 8 days below
Denver Water’s King Creek Diversion up to 45 days below Denver Water’s main Ranch
Creek Diversion and North Fork Ranch Creek and Dribble Creek diversions.

The magnitude of high flow pulses would increase or decrease by up to 8 cfs along
tributaries to the Fraser River and up to 10 cfs along the Fraser River mainstem locations
evaluated (Table H-14.3). There would be little change in the duration of high flow pulses
(decrease by 1 day or less). In general there would be little change in the timing of high
flows pulses (+/- up to 9 days) with the exception of the Fraser River below St. Louis
Creek. At that location the median timing of high flow pulses would occur 44 days later.

As shown in Table H-14.4, the magnitude of the peak flow in an average year would
decrease less than 1 cfs at the King Creek Diversion up to 115 cfs at the Fraser River below
Crooked Creek. In general, there would be little to no change in the timing of the peak
flow, however, at one location it would be delayed up to 10 days. As shown in

Table H-14.5, the magnitude of the wet year peak flow would decrease less than 5 cfs at the
tributary locations evaluated up to 117 cfs at the Fraser River below Crooked Creek. In
general, the reduction in the average and wet year peak flows would be least at locations
higher in the basin along tributaries and increase along the Fraser River mainstem lower in
the basin. At most locations there would be little to no change in the timing of the wet year
peak flow, however, at one location the peak would be delayed up to 7 days and at two
locations the wet year peak flow would occur 4 days earlier.

Changes in the frequency of peak flows for different flood recurrence intervals are
discussed in the following section and in Section 4.6.3.

Fraser River Floodplain

Under the Proposed Action with RFFAS, more water would be exported from the Fraser
River Basin and there would be more in-basin use of Fraser River water compared to
Current Conditions (2006). Additional Moffat Tunnel diversions would occur primarily in
average and wet years during runoff. As a result, it is expected that flood flows would be
less than they are under Current Conditions (2006).

The maximum annual flow series for four different locations in the Fraser River Basin were
analyzed to verify this generalization. Locations analyzed correspond with four of the
sampling sites in the Fraser River Basin including FR1, FR2, FR3, and FR4 (refer to
Section 3.3.5.1 for a description of the sampling sites). In all cases, peak flows for a given
recurrence interval under the Proposed Action with RFFAs were equal to or less than peak
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flows for the same recurrence interval under Current Conditions (2006). The following
observations can be made:

On the mainstem, the lowest 20% of annual peak flood flows and the highest annual
peak would not be significantly different from Current Conditions (2006), and all other
flood flows would be reduced.

On St. Louis Creek, annual peaks associated with recurrence intervals greater than
6.6 years would be unchanged, while all other annual peaks would be less than under
Current Conditions (2006). The four lowest annual peaks differ by 1.5 cfs or less.

On Ranch Creek, annual peaks associated with recurrence intervals great than 3.3 years
would be the same as under Current Conditions (2006), while all other annual peaks
would be less.

To summarize, areas of inundation would generally be smaller throughout the basin for the
2- and 5-year flood events. For less frequent floods, the floodplain along the Fraser River
may be smaller than under Current Conditions (2006) but have similar extents along the
tributaries.

Williams Fork River

Changes in Williams Fork River flows would be due to the combined effects of the
following actions.

1. Releases of 5,412.5 AF/yr would no longer be made from Williams Fork Reservoir for

endangered fish in the 15-Mile Reach. This change would affect Williams Fork
Reservoir operations, including the timing and quantity of reservoir storage and releases
and flows in the Williams Fork River. Fish flow releases are typically made in the late
summer or fall when flows drop below the U.S. Fish and Wildlife (USFWS) flow
recommendations. The timing and amount released depends on the type of year
(average, wet, or dry). Flows below Williams Fork Reservoir would be less by the
amount released for 10,825 Water purposes under Current Conditions (2006).
Conversely, there would be higher flows in the spring of the following year when
Williams Fork Reservoir fills and spills, and higher contents in Williams Fork Reservoir
in years that the reservoir does not fill and spill.

Denver Water’s growth in demand between Current Conditions (2006) and the
Proposed Action with RFFAs would result in additional Gumlick Tunnel diversions.
Denver Water’s average annual demand would increase from 285,000 AF under Current
Conditions (2006) to 363,000 AF/yr under the Proposed Action with RFFAs. Gumlick
Tunnel diversions would increase in response to a higher demand, however, additional
diversions would be limited by available storage capacity at Gross Reservoir and other
system constraints. When more water is diverted through Gumlick Tunnel, that water is
not available to fill Williams Fork Reservoir.

Denver Water’s additional trans-basin diversions from the Fraser, Williams Fork, and
Blue rivers would result in increased exchange releases from Williams Fork Reservoir
to cover Denver Water’s out of priority depletions and increased substitution releases to

Surface Water — Proposed Action — Williams Fork River 4-97



Chapter 4 - Total Environmental Effects

cover Denver Water’s out of priority storage in Dillon Reservoir when Green Mountain
Reservoir does not fill.

4. Big Lake Ditch would no longer divert for irrigation in the Reeder Creek drainage due
to the expiration of the Denver Water’s temporary Big Lake Ditch contract. Under
Current Conditions (2006), a significant portion of the water diverted under the Big
Lake Ditch was delivered for irrigation in the Reeder Creek drainage. Return flows
from Big Lake Ditch deliveries to the Reeder Creek drainage return to the Colorado
River below the confluence with the Williams Fork River. By 2032, Big Lake Ditch
deliveries to the Reeder Creek drainage would be curtailed and all Big Lake Ditch
return flows would accrue to the Williams Fork River. This action affects the timing
and quantity of flows in Williams Fork River and the Colorado River. The change in
Big Lake Ditch operations in the future would result in approximately 10,000 AF/yr less
diverted from Williams Fork River on average and a corresponding increase in flows in
the Williams Fork River Basin compared to Current Conditions (2006). Return flows to
the Colorado River would decrease by approximately 8,000 AF/yr. The abandonment
of all Big Lake Ditch diversions to the Reeder Creek Basin would allow Denver Water
to capture additional water from Williams Fork River for storage in Williams Fork
Reservoir when its Williams Fork Reservoir water rights are in priority. Changes in the
inflow to Williams Fork Reservoir would be greatest from June through October when
differences in Big Lake Ditch depletions and return flows are greatest. Depending on
the type of year (average, wet, or dry), flows below Williams Fork Reservoir may
increase or decrease due to the effects of this action.

A description of changes in modeled diversions and flows in the Williams Fork River Basin
is provided below.

Gumlick Tunnel Diversions

The Williams Fork River upstream of the Williams Fork Reservoir is directly affected by
changes in Denver Water’s diversions through Gumlick Tunnel when additional storage is
added to the Moffat Collection System. Additional diversions through the Gumlick Tunnel
would be due in part to Denver Water’s demands increasing prior to the Moffat Project
coming on line and in part to the Moffat Project. As Denver Water’s average annual
demand increases from 285,000 AF/yr (Current Conditions) to 345,000 AF/yr (Full Use of
the Existing System), Gumlick Tunnel diversions would increase by 900 AF/yr on average.
Gumlick Tunnel diversions would increase by an additional 1,900 AF/yr on average due to
the Moffat Project. With increased storage capacity on the East Slope, Denver Water
would be able to divert water that it is currently unable to capture without additional
storage. Increases in Gumlick Tunnel diversions would occur primarily during runoff in
June and July, and would be greatest in wet years following dry year sequences.

As shown in Tables H-7.1 through H-7.3, annual Gumlick Tunnel diversions would
increase by 2,800 AF or 32% on average, 1,300 AF or 14% in dry years, and 2,200 AF or
34% in wet years. The maximum monthly and annual increase in diversions would be
6,300 AF and 10,400 AF, respectively. There would be no or minimal additional diversions
in five years of the study period because Denver Water already diverts the maximum
amount physically and legally available under their existing water rights. Additional
diversions would occur primarily in May, June, and July. The maximum monthly average

4-98 Surface Water — Proposed Action — Williams Fork River



Chapter 4 - Total Environmental Effects

increase in diversions would occur in July, with a 19.8 cfs or 101% increase

(Table H-1.51). Indry years, the maximum monthly average increase in diversions would
also occur in July, with a 16.7 cfs or 237% increase on average. Additional diversions
would occur in dry years as Denver Water’s average annual demand increases from
285,000 AF (Current Conditions) to 345,000 AF (Full Use of the Existing System).
Additional diversions in dry years would not be due to the Proposed Action. In wet years,
the maximum monthly average increase in diversions would occur in June, with a 13.8 cfs
or 165% increase on average. The monthly average increase in diversions in wet years is
actually less than in average years because diversions are already high in most wet years
and the opportunity to divert more is limited given storage constraints at Gross Reservoir
and piping constraints in the Denver Water Moffat Collection System.

Table H-6.9 shows the percentage of days from May through July that Gumlick Tunnel
diversions would change. There would be little to no change in diversions (flow change
less than 1 cfs) about 94% of the time. Increases in diversions from 1 to 99 cfs would occur
approximately 5% of the time. The maximum daily increase in diversions would be 200 cfs
in early July.

Additional diversions in winter months from late summer through early spring would be
minimal except in infrequent, very wet years. Additional diversions during winter months
would occur in 2 years during the 45-year study period. Additional diversions would occur
during those months because Gross Reservoir was not full in which case there was
additional space in Gross Reservoir to store water diverted through the Gumlick Tunnel.
Since the diversion dams in the Williams Fork Collection System cannot be adjusted in the
wintertime because they are snowed in, Denver Water has the ability to release all or a
portion of water diverted by that system rather than allowing it to flow through the Gumlick
Tunnel if Gross Reservoir is full. In winter months when additional diversions take place,
the flow below the diversion structure would be equal to or higher than the average winter
flow at those locations.

Williams Fork River Mainstem and Tributaries Stream Flow

Denver Water diverts water for delivery through the Gumlick Tunnel from four headwater
tributaries including Steelman Creek, Bobtail Creek, Jones Creek, and McQueary Creek.
Below Denver Water’s Steelman Creek diversion, annual flows would decrease by 690 AF
or 33% on average, 330 AF or 82% in dry years, and 500 AF or 12% in wet years. At this
location, monthly average flows would decrease by a maximum of 4.9 cfs or 43% in July
(Table H-1.52). In dry years, monthly average flows would decrease by a maximum of

4.0 cfs or 84% in July. In wet years, monthly average flows would decrease by a maximum
of 3.6 cfs or 54% in May. Below Denver Water’s Bobtail Creek diversion, annual flows
would decrease by 1,200 AF or 34% on average, 590 AF or 90% in dry years, and 1,000 AF
or 13% in wet years. At this location, monthly average flows would decrease by a
maximum of 8.8 cfs or 45% in July (Table H-1.53). In dry years, monthly average flows
would decrease by a maximum of 8.1 cfs or 89% in July. In wet years, monthly average
flows would decrease by a maximum of 6.6 cfs or 9% in June. Below Denver Water’s
Jones Creek diversion, annual flows would decrease by 360 AF or 31% on average, 180 AF
or 78% in dry years, and 260 AF or 11% in wet years. At this location, monthly average
flows would decrease by a maximum of 2.8 cfs or 43% in July (Table H-1.54). Indry
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years, monthly average flows would decrease by a maximum of 2.2 cfs or 83% in July. In
wet years, monthly average flows would decrease by a maximum of 1.8 cfs or 51% in May.
Below Denver Water’s McQueary Creek diversion, annual flows would decrease by

510 AF or 37% on average, 180 AF or 83% in dry years, and 410 AF or 14% in wet years.
At this location, monthly average flows would decrease by a maximum of 3.6 cfs or 28% in
June (Table H-1.55). In dry years, monthly average flows would decrease by a maximum
of 2.4 cfs or 81% in July. In wet years, monthly average flows would decrease by a
maximum of 2.6 cfs or 10% in June.

At the Williams Fork River below Steelman Creek gage, which is located below all of
Denver Water’s Gumlick Tunnel diversions, annual flows would decrease by 2,800 AF or
29% on average, 1,300 AF or 59% in dry years, and 2,200 AF or 11% in wet years.
Monthly average flows would decrease by a maximum of 19.8 cfs or 40% in July

(Table H-1.56), which coincides with the month when Gumlick Tunnel diversions would
increase most. In dry years, monthly average flows would decrease by a maximum of
16.7 cfs or 80% in July. In wet years, monthly average flows would decrease by a
maximum of 13.9 cfs or 8% in June. Moving downstream to the Williams Fork near Leal
gage, the volume of change stays the same but the percentage reduction in flow is less
because the stream is gaining.

Flows below Williams Fork Reservoir reflect the combined effect of additional Gumlick
Tunnel diversions, the termination of the Big Lake Ditch contract, and changes in Williams
Fork Reservoir operations, including spills, substitution and exchange releases, releases for
10,825 Water purposes, and power releases to achieve operational goals. Annual outflow
from Williams Fork Reservoir would increase by 7,200 AF or 8% on average, 9,100 AF or
13% in dry years, and 15,300 AF or 11% in wet years. Monthly average changes in
outflow would range from a maximum decrease of 7.1 cfs or 3% in August to a maximum
increase of 55.2 cfs or 43% in July (Table H-1.57). In dry years, monthly average changes
in outflow would range from a maximum decrease 1.0 cfs or 1% in April to a maximum
increase of 98.3 cfs or 148% in July. In wet years, monthly average changes in outflow
would range from a maximum decrease 15.4 cfs or 3% in June to a maximum increase of
97.6 cfs or 26% in July.

Williams Fork River Native Stream Flow

Tables H-12.16 through H-12.19 show the native flow and the amount and percent diverted at
Denver Water’s diversions from the upper Williams Fork River tributaries under Current
Conditions (2006), Full Use of the Existing System, No Action, and each of the action
alternatives. As discussed above, additional native flow diversions would occur primarily
in average and wet years during the runoff season from May through July. Under Current
Conditions (2006), the average annual percentage of native flow diverted from the upper
William Fork River Basin ranges from 49% at Denver Water’s Jones Creek diversion up to
55% at their McQueary Creek diversion. Under the Proposed Action with RFFAs, the
average annual percentage of native flow diverted would range from 65% at Denver
Water’s Jones Creek diversion to 72% at their McQueary Creek diversion. The average
annual percentage of native flow diverted would increase by approximately 16% compared
to Current Conditions (2006). There would be little increase in the percentage of native
flow diverted in winter months. The increase in the percentage of native flow diverted from
the upper Williams Fork River tributaries would be greatest in July. In July, the average
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percentage of native flow diverted by Denver Water from the upper Williams Fork River
tributaries would increase by about 30% compared to Current Conditions (2006) with a
maximum increase of 33% at Denver Water’s Jones Creek diversion.

Williams Fork River Daily Flow Changes

Figures H-4.70 through H-4.90 show average daily diversions through Gumlick Tunnel and
average daily hydrographs at the locations of interest in the Williams Fork River Basin for
average, dry and wet conditions.

Figures H-5.12 through H-5.14 present flow duration curves for Steelman Creek below
Denver Water’s diversion, Williams Fork River below Steelman Creek, and Williams Fork
Reservoir outflow, respectively. Flow duration curves for Bobtail, Jones, and McQueary
creeks below Denver Water’s diversion points were not developed since they are very
similar to the flow duration curve for Steelman Creek. As shown by the flow duration
curves, flow reductions would occur at higher flow rates, which typically correspond with
wet years.

Table H-6.2 shows the percentage of days from May through July that flow changes would
occur below Denver Water’s Steelman Creek Diversion, at the Williams Fork River below
Steelman Creek gage, and below Williams Fork Reservoir. There would be little to no
change in flow (flow change less than 1 cfs) over 80% of the time at locations upstream of
the Williams Fork River below Steelman Creek gage and about 65% of the time below
Williams Fork Reservoir. Increases in flow ranging up to 100 cfs would occur
approximately 17% of the time below Williams Fork Reservoir. Table H-6.19 summarizes
maximum daily flow reductions at similar locations. Below Denver Water’s diversions
from the upper Williams Fork River tributaries, reductions in flow would be due to
additional diversions attributable to the Moffat Project. At locations further downstream in
the basin, reductions in flow would be caused by a combination of Denver Water’s
additional diversions and other RFFAs including termination of the Big Lake Ditch contract
and changes in Williams Fork Reservoir releases for endangered fish. The maximum flow
reductions would occur in July and range from 60 cfs below Denver Water’s Steelman
Creek diversion to 640 cfs below Williams Fork Reservoir.

Figures H-6.7 and H-6.8 show daily flow changes below Denver Water’s diversion from
Bobtail Creek and at the Williams Fork River below Steelman Creek gage from

October 1953 through September 1957. These figures demonstrate flow reductions that
would occur in a sequence of dry years followed by a wet year. Denver Water would divert
additional water during the critical drought in 1954, 1955, and 1956 because there are no
bypass flow requirements below Denver Water’s diversions in the Williams Fork River
Basin and there is space in Gross Reservoir. Additional diversions would be limited
because the amount physically and legally available is less than average in those years. In
the wet year following the drought (1957), Gumlick Tunnel diversions would increase by
approximately 8,300 AF or 200% compared to Current Conditions (2006). The increase in
diversions would be significant in 1957 because Denver Water would divert more water to
refill additional storage at Gross Reservoir. A small portion of the additional diversions
that year would be due to increases in Denver Water’s demand under Full Use of the
Existing System prior to the Moffat Project coming on line. Additional diversions in 1957
are most significant in July after the peak flow occurs. Therefore, although there is a
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significant increase in the amount of water diverted in 1957, the peak flow that occurs at the
end of June at these locations would be unaffected. The reduction in flows in the year
following the drought depends on many factors including the length and severity of the
drought, storage contents in Denver Water’s system, and the physical and legal availability
of water.

In some wet years following a drought, flows below Denver Water’s diversion points would
be more consistent with a dry year or below average year due to additional diversions under
the Proposed Action with RFFAs. The reduction in flows in the year following the drought
would increase the frequency and duration of dry year conditions. The change in dry year
frequency and duration was evaluated at two locations in the Williams Fork River Basin
including: (1) Steelman Creek below Denver Water’s diversion, and (2) Williams Fork
River below Steelman Creek gage. Annual flows for Current Conditions (2006), Full Use
of the Existing System, No Action and each of the action alternatives were ranked based on
volume. The bottom 25™ percentile was assumed to include dry and below average years.
The number of years in the bottom 25™ percentile would increase by 5 years from 12 years
to 17 years at both locations analyzed, as shown in Tables H-15.7 and H-15-8.

This analysis also shows the duration and recurrence of back-to-back dry years will
increase under the Proposed Action with RFFAs. Under Current Conditions (2006), below
Denver Water’s Steelman Creek diversion, there would be a total of 4 sets of at least

2 back-to-back dry or below average years, with the longest period being 3 years in a row.
There would be 5 sets of at least 2 back-to-back dry or below average years, with the
longest period being 4 years in a row at that location. At the Williams Fork River near
Steelman Creek gage there would be 4 sets of at least 2 back-to-back dry or below average
years under Current Conditions (2006), with the longest period being 3 years in a row.
There would be 5 sets of at least 2 back-to-back dry or below average years, with the
longest period being 4 years in a row.

Williams Fork River Peak Flow Changes

The combined effect of Denver Water’s additional diversions and other RFFAs would
affect the magnitude, timing, frequency, and duration of peak flows in the Williams Fork
River Basin. The Nature Conservancy’s Indicators of Hydrologic Alteration (IHA) was
used to evaluate changes in the flow regime below Denver Water’s diversion from Bobtail
Creek and at the Williams Fork River above Darling Creek gage. See the section on the
Fraser River for a discussion of IHA and the methodology used to evaluate changes in the
flow regime. Appendix H-14 includes detailed output from the IHA analysis.

Tables H-14.1 through H-14.3 summarize changes in the magnitude, duration, and timing
of high-flow pulses, small floods and large floods at the locations analyzed. Tables H-14.4
and H-14.5 summarize changes in the magnitude and timing of the peak flow for an average
year and wet year based on the daily hydrographs included in Appendix H-4.

There would be little to no change in median monthly low flows at locations high in the
Williams Fork River Basin. There would be no change in the median low flow below
Denver Water’s Bobtail Creek diversion. At the Williams Fork River above Darling Creek
gage, the median monthly low flow would decrease less than 0.5 cfs during the summer and
less than 0.2 cfs during the winter.
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There would be no change in the magnitude or timing of the small flood peak flow below
the Bobtail Creek diversion, however, the duration of the flood event would be reduced by
18 days. At the Williams Fork River above Darling Creek gage, the median small flood
peak flow would increase by 5 cfs, the duration would decrease by 1.5 days, and the timing
would shift less than one day earlier.

There would be no change in the timing and magnitude of the large flood peak flow at the
locations evaluated, however, the duration of the large flood would decrease by 27 days at
the Bobtail diversion and 5 days at the Williams Fork River above Darling Creek gage.

The magnitude of high flow pulses would increase by 19 cfs and less than 1 cfs at the
Bobtail Creek diversion and Williams Fork River above Darling Creek gage, respectively.
The duration of high flow pulses would not change, however, the median timing of high
flow pulses would shift 18 days and 13 days earlier at the Bobtail Creek diversion and
Williams Fork River above Darling Creek gage, respectively.

Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the peak flow
for an average year and wet year at the Bobtail Creek Diversion and the Williams Fork
River above Darling Creek gage. The magnitude of the peak flow in an average year would
decrease by 8 cfs at the Bobtail Creek Diversion and 17 cfs at the Williams Fork River
above Darling Creek gage. There would be no change in the timing of the peak flow in an
average year. There would be no change in the magnitude or timing of the wet year peak
flow at the Bobtail Creek Diversion and Williams Fork River above Darling Creek gage.

Changes in the frequency of peak flows for different flood recurrence intervals are
discussed in the following section and in Section 4.6.3.

Williams Fork River Floodplain

Analysis of annual peak flows at the two sampling sites, WF1 and WF2, upstream of
Williams Fork Reservoir (refer to Section 3.3.5.2 for a description of sampling sites) show
that annual flood flows would never be greater under the Proposed Action with RFFASs than
under Current Conditions (2006). The annual floods associated with recurrence intervals
greater than 2.2 years are the same in the two scenarios, indicating that the Gumlick Tunnel
would already be diverting as much as possible under Current Conditions (2006) during
peak flow, and diversions would be no greater under the Proposed Action with RFFAs.

The floodplain above Williams Fork Reservoir for high flow, low frequency events would
be the same as it is for Current Conditions (2006).

Flows downstream of Williams Fork Reservoir during peak runoff would be greater under
the Proposed Action with RFFAs than under Current Conditions (2006), except in dry
years. Differences are due primarily to the expiration of the Big Lake Ditch contract and
termination of 10,825 Water releases. These factors contribute to consistently higher
reservoir contents under the Proposed Action with RFFAs. With higher reservoir levels,
spills in average and wet years tend to be greater. The biggest differences occur for
recurrence intervals of 2.4 to 3.5 years. These flood events would increase by
approximately 200 cfs, or up to 42% higher than peak flows under Current Conditions
(2006) for similar recurrence intervals. For recurrence intervals greater than 10 years, peak
flows are 50 to 80 cfs, or 3% to 7% higher than peak flows under Current Conditions
(2006) for similar recurrence intervals.
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Colorado River

Colorado River Stream Flow

For the purpose of analyzing changes in flows along the Colorado River, modeled
diversions and stream flows were analyzed below the Windy Gap diversion, below the
confluence with the Williams Fork River and at the Colorado River near Kremmling gage.
Flows in the Colorado River above the confluence with the Fraser River are virtually the
same under all EIS alternatives.

Changes in Colorado River mainstem flows would be primarily due to the combined effects
of Denver Water’s growth in demand and the Moffat Project, WGFP, additional municipal
diversions along the mainstem including changes in the timing and quantity of associated
return flows, and changes along the contributing tributaries including the Fraser River,
Williams Fork River, Muddy Creek, and Blue River. Changes along the tributaries are
discussed in separate sections for each tributary.

Changes in Colorado River flows would be directly related to the increase in Denver
Water’s demand and the increase in storage capacity at Gross Reservoir. Flow reductions
due to Denver Water’s additional diversions from the Fraser, Williams Fork, and Blue river
basins would be translated downstream and into the Colorado River. Other projects that
would affect flows along the Colorado River include the WGFP, which is anticipated to be
on line prior to the Moffat Project. The WGFP would result in additional diversions at the
Windy Gap Project diversion site on the Colorado River, which is downstream of the
confluence of the Colorado and Fraser rivers. The WGFP is anticipated to generate
approximately 26,000 AF/yr of firm yield for the project participants, through an increase
in Windy Gap diversions and a reduction in Windy Gap spills from Granby Reservoir.
Similar to the Moffat Project, additional diversions would occur primarily in May, June and
July and would be greatest in wet years following dry years. The WGFP would also affect
the timing and quantity of Granby Reservoir spills. In addition to the WGFP, there would
be additional municipal diversions along the Colorado River mainstem. Municipal and
industrial diversions from the mainstem from the headwaters to Kremmling would increase
by approximately 3,200 AF/yr on average and there would be associated changes in
depletions and the timing and quantity of return flows.

Changes in surface water flows described for the Fraser River, Williams Fork River,
Muddy Creek, and Blue River would be translated downstream and into the Colorado
River. For example, the effects on Colorado River flows from the cessation of

10,825 Water releases from Williams Fork and Wolford Mountain reservoirs would be
similar to the effects described for Williams Fork River and Muddy Creek. When fish
releases are not made from Williams Fork and Wolford Mountain reservoirs in the late
summer and fall, flows in the Colorado River below the confluence with these tributaries
would be less by a commensurate amount. The reduction in fish flow releases would be
offset by a corresponding change in the amount of water stored in these reservoirs during
runoff. The cessation of 10,825 Water releases would affect the timing of flows in the
Colorado River but would have little effect on the average annual quantity of flow. Since
the modeling was completed for the Moffat Project EIS, the 10,825 Water Supply Study led
to the identification of a preferred alternative, which consists of releases from Ruedi and
Granby reservoirs. While 10,825 Water releases will no longer be made from Williams
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Fork and Wolford Mountain reservoirs, about half of the 10,825 Water release will be made
from Granby Reservoir under the preferred alternative. This will offset approximately half
of the flow reduction currently reflected in PACSM that would occur in the fall in the
Colorado River below the confluence with Williams Fork River and Muddy Creek due to
the cessation of 10,825 Water releases from Williams Fork and Wolford Mountain
reservoirs.

As shown in Tables H-7.1 through H-7.3, annual flows below Windy Gap would decrease
by 28,900 AF or 19% on average, 56,000 AF or 13% in wet years, and change in flows
below Windy Gap would be insignificant in a dry year. Changes in Colorado River flows
below Windy Gap would be due primarily to the combined effects of Denver Water’s
additional diversions from the Fraser River Basin and additional diversions attributable to
the WGFP in years that are above average and wet, and in particular, in wet years following
dry year sequences. Annual flows below the confluence with the Williams Fork River
would decrease by 22,000 AF or 8% on average, increase by 8,800 AF or 6% in dry years,
and decrease by 41,100 AF or 7% in wet years. There would be an increase in flows on
average in dry years due to additional inflow to the Colorado River from the Williams Fork
River (see the section on flow changes in the Williams Fork River). The increase in
Williams Fork River inflows exceeds flow reductions from additional diversions upstream.
Annual flows at the gage near Kremmling would decrease by 62,600 AF or 9% on average,
4900 AF or 1% in dry years, and 87,900 AF or 7% in wet years.

Tables H-1.58, H-1.59, and H-1.60 summarize average monthly flow changes in the
Colorado River below Windy Gap, Colorado River below the confluence with Williams
Fork River, and near Kremmling, respectively, for average, dry, and wet conditions. Below
Windy Gap, flow reductions would be highly concentrated during the months from May
through July when the majority of additional diversions would occur by Denver Water and
Windy Gap. Flow reductions in the remaining months would be considerably less.
Average monthly flows would also increase slightly in some winter and spring months. For
example, in dry years, average monthly flows below Windy Gap would increase from
October through May by up to 3.5 cfs or 3%. These flow increases would be caused
primarily by changes in diversions and operations at Adams Tunnel and Granby Reservoir.

Below Windy Gap, monthly average flows would decrease by a maximum of 154.7 cfs or
35% in May. In dry years, monthly average flows would decrease by a maximum of 8.2 cfs
or 6% in July. In wet years, monthly average flows would decrease by a maximum of
461.8 cfs or 34% in May. Moving downstream, the Colorado River is affected by tributary
inflows from the Williams Fork River, Troublesome Creek, Muddy Creek, and the Blue
River, and Denver Water’s diversions and operations in those basins as well as other
RFFAs. Below the confluence with Williams Fork River, monthly average flows would
decrease by a maximum of 135.5 cfs or 22% in May. In dry years, monthly average flows
would increase by a maximum of 88.7 cfs or 47% in July. In wet years, monthly average
flows would decrease by a maximum of 461.4 cfs or 27% in May. Flow increases in dry
years would be due to the increase in inflow from Williams Fork River. There would also
be average monthly flow increases in some months under average and wet conditions. Near
Kremmling, monthly average flows would decrease by a maximum of 424.2 cfs or 18% in
June. In dry years, monthly average flows would decrease by a maximum of 101.3 cfs or
9% in August. In wet years, monthly average flows would decrease by a maximum of

Surface Water — Proposed Action — Colorado River 4-105



Chapter 4 - Total Environmental Effects

514.6 cfs or 16% in May. At all three locations discussed above there would be minor
average monthly flow increases in some winter months under average, wet and dry
conditions.

Colorado River Daily Flow Changes

Figures H-4.91 through H-4.99 show average daily hydrographs at the locations discussed
above for average, dry and wet conditions.

Figures H-5.15, H-5.16, and H-5.17 present flow duration curves for the Colorado River
below Windy Gap, below the confluence with Williams Fork River, and near Kremmling,
respectively. As shown by the flow duration curves, flow reductions would occur at higher
flow rates, which typically correspond with wet years.

Table H-6.3 shows the percentage of days from May through July that flow changes would
occur below Windy Gap, below the confluence with Williams Fork River, and near
Kremmling. About 37% of the time, flows would decrease up to 100 cfs below Windy
Gap. Below the confluence with the Williams Fork River, flow increases and decreases
ranging up to 100 cfs would occur about 26% of the time. About 33% of the time, flows
would decrease up to 100 cfs near Kremmling. Flow decreases would be greatest near
Kremmling below the confluence with the Blue River. Table H-6.19 summarizes
maximum daily flow reductions at similar locations. The maximum daily flow reduction
would occur in June and would range from 2,928 cfs below Windy Gap to 3,784 cfs near
Kremmling. These large flow changes are primarily caused by changes in the timing of
reservoir spills.

Figures H-6.9 shows daily flow changes below Windy Gap from October 1953 through
September 1957. This figure demonstrates flow reductions that would occur in a sequence
of dry years followed by a wet year. Denver Water and Windy Gap would divert additional
water in the wet year following the drought, to refill additional storage at Gross Reservoir
and Chimney Hollow Reservoir (the proposed action for the WGFP). Additional diversions
by Denver Water and Windy Gap in 1957 would cause the peak flow of 3,274 cfs in early
June to be reduced to 2,182 cfs. The reduction in flows in the year following the drought
depends on many factors including the length and severity of the drought, storage contents
in Denver Water’s system, and the physical and legal availability of water.

The reduction in flows in the year following the drought would increase the frequency and
duration of dry year conditions. The change in dry year frequency and duration was
evaluated at the Colorado River below Windy Gap. Annual flows for Current Conditions
(2006), Full Use of the Existing System, No Action and each of the action alternatives were
ranked based on volume. The bottom 25" percentile was assumed to include dry and below
average years. Below Windy Gap, the number of years in the bottom 25™ percentile would
increase by 10 years from 12 years to 22 years, as shown in Table H-15.9. The increase in
frequency of dry years would be due to Denver Water’s additional diversions as well as
additional diversions upstream of this location due to other RFFAs including the WGFP
and growth in Grand County.

This analysis also shows the duration and recurrence of back-to-back dry years will
increase under the Proposed Action with RFFAs. Under Current Conditions (2006), there
would be a total of 4 sets of at least 2 back-to-back dry or below average years below
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Windy Gap, with the longest period being 2 years in a row. There would be 6 sets of at
least 2 back-to-back dry or below average years, with the longest period being 4 years in a
row at that location.

Colorado River Peak Flow Changes

The combined effect of Denver Water’s additional diversions and other RFFAs would
affect the magnitude, timing, frequency, and duration of peak flows along the Colorado
River mainstem.

Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the peak flow
for an average year and wet year at the Colorado River below Windy Gap, the Colorado
River below the confluence with Williams Fork River, and the Colorado River near
Kremmling gage. As shown in Table H-14.4, the magnitude of the peak flow in an average
year would decrease by up to 568 cfs at the Kremmling gage. There would be little change
in the timing of the peak flow (shift of 3 days later at Windy Gap, 1 day earlier below the
confluence with Williams Fork River, and 4 days earlier at Kremmling). As shown in
Table H-14.5, the magnitude of the wet year peak flow would decrease by 5 cfs below
Windy Gap and 41 cfs at the Kremmling gage and increase by 98 cfs below the confluence
with the Williams Fork River. There would be no change in the timing of the wet year peak
flow at the locations evaluated.

Changes in the frequency of peak flows for difference flood recurrence intervals are
discussed in the following section and in Section 4.6.3.

Colorado River Floodplain

Flows in the Colorado River reflect Denver Water’s changed diversions and reservoir
operations in the Fraser River, Williams Fork River, Muddy Creek, and Blue River basins.
In addition, they include the effects of both the WGFP, increased municipal demand in
Grand and Summit counties with RFFAs. Annual flood flows were analyzed at two places:
in the vicinity of Hot Sulphur Springs, (reflecting Fraser River flow changes, the WGFP,
and growth in Grand County water use), and below the confluence with the Blue River.
The latter flow integrates changes in all the tributaries listed above.

In all but 5 of the 47 model years, annual flood flows for the Colorado River below Hot
Sulphur Springs would be the same or lower under the Proposed Action with RFFAs than
under Current Conditions (2006). However, annual peaks with recurrence intervals from
approximately 9 to 23 years are slightly greater under Current Conditions (2006). This
outcome is attributable to two wet years in which the timing and magnitude of Granby
Reservoir spills are different, affecting the annual peak day flow. Based on this analysis it
can be inferred that the floodplain extent for a specified return interval under the Proposed
Action with RFFAs would be the same or smaller as the corresponding floodplain under
Current Conditions (2006).

Similar conditions apply to the Colorado River below the Kremmling gage. Generally,
annual peaks under the Proposed Action with RFFAs are lower than they are under Current
Conditions (2006). Accordingly, the floodplain extent for a specified recurrence interval
along the Colorado River would be expected to be the same or smaller than the
corresponding floodplain under Current Conditions (2006). However, PACSM output
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showed that for some recurrence intervals above 9 years, the flood flow is greater because
of the influence that Granby Reservoir spills have on the annual peak.

Muddy Creek

Muddy Creek Stream Flow

For the purpose of analyzing changes in surface water hydrology in the Muddy Creek
Basin, modeled diversions and stream flows were analyzed below Wolford Mountain
Reservoir.

Changes in Muddy Creek flows would be primarily due to changes in Wolford Mountain
Reservoir operations. Wolford Mountain Reservoir’s primary operations include releases
to cover Denver Water’s and Colorado Springs’ substitution requirements for out-of-
priority diversions when Green Mountain Reservoir does not fill, releases to cover
depletions associated with contract demands, and releases for endangered fish flow
requirements. The combined effects of the following actions would result in changes in
Wolford Mountain Reservoir operations and flows in Muddy Creek.

1. Releases of 5,412.5 AF/yr would no longer be made from Wolford Mountain Reservoir
for endangered fish in the 15-Mile Reach. This change would affect Wolford Mountain
Reservoir operations, including the timing and quantity of reservoir storage and
releases, and flows in Muddy Creek. Fish flow releases are typically made in the late
summer or fall when flows drop below the USFWS flow recommendations. The timing
and amount released depends on the type of year (average, wet, or dry). Flows below
Wolford Mountain Reservoir would be less by the amount released for 10,825 Water
purposes under Current Conditions (2006). However, less water would be stored during
the runoff season to replace these releases, so flows during runoff would change below
the reservoir due to differences in the amounts stored and the timing and quantity of
spills.

2. The demand for contract water from Wolford Mountain Reservoir is anticipated to
increase to about 11,100 AF/yr. This is expected to occur under Full Use of the
Existing System. Additional contract demands would change the timing and quantity of
reservoir storage and releases. Releases from Wolford Mountain Reservoir would be
required to cover monthly depletions if they are out of priority. The specific entities
that would contract for water in the future and the locations of the depletions have not
been identified. Thus, PACSM was configured so that Wolford Mountain Reservoir
would release to cover contract depletions during winter months (September through
March) and in summer months of dry years. In addition, releases would be made in
several average years depending on whether the Shoshone Power Plant rights were
estimated to be calling. Of the total future contract demand, the average annual
modeled release from Wolford Mountain Reservoir to meet this demand would be about
6,700 AF. Therefore, flows in Muddy Creek would increase on average primarily
during winter months and in summer months of dry years compared to Current
Conditions (2006). More water would be stored during the runoff season to replace
these releases, so flows below the reservoir would change during runoff due to
differences in the amounts stored and the timing and quantity of spills.
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3. Wolford Mountain Reservoir’s substitution releases for Denver Water and Colorado
Springs would be affected by actions that reduce flows in the Blue River and Colorado
River and increase the call on the Colorado River relative to Current Conditions (2006).
The amount of water diverted out of priority by Denver Water and Colorado Springs in
relation to Green Mountain Reservoir would increase under the Proposed Action with
RFFAs. As a result, substitution releases from Wolford Mountain would increase in dry
years to cover Denver Water’s out of priority storage in Dillon Reservoir when Green
Mountain Reservoir does not fill.

The majority of flow changes anticipated in Muddy Creek would be due to other RFFAS as
opposed to the Proposed Action. The actions described above would combine to have the
following effect on flows in Muddy Creek. As shown in Tables H-7.1 through H-7.3,
average, dry and wet year annual flows in Muddy Creek below Wolford Mountain
Reservoir would increase by 340 AF or less than 1%, 2,900 AF or 7 %, and decrease by
430 AF or less than 1%, respectively.

Note that there would be little change in annual flows in average and wet years because
increased Wolford Mountain Reservoir releases would be offset by an increase in the
amount of water stored. This has the effect of changing the timing of flows below the
reservoir but would have little effect on the quantity of flow on an average annual basis.
Flows below the reservoir would generally increase on average in winter months because of
additional reservoir releases to meet higher contract demands and substitution requirements.
Flows below the reservoir would generally decrease on average during the runoff season
when more water would be stored to replace releases, spills would be reduced, and releases
to meet fish flow requirements would no longer be made.

Average annual dry year flows below Wolford Mountain Reservoir would increase because
additional releases to meet contract demands and substitution requirements exceed the
reduction in releases to meet fish flow requirements. There would not be a corresponding
increase in the amount stored to offset additional releases because Wolford Mountain
Reservoir is more often limited by the available supply in dry years and would generally
store the same amount under both Current Conditions (2006) and the Proposed Action with
RFFAs. Table H-1.61 summarizes average monthly flows in Muddy Creek below Wolford
Mountain Reservoir for average, dry, and wet conditions. Average monthly changes in
flow would range from a maximum decrease of 19.9 cfs or 6% in May to a maximum
increase of 12.1 cfs or 45% in January. In dry years, average monthly changes in flow
would range from a maximum decrease of 32.2 cfs or 23% in August to a maximum
increase of 19.4 cfs or 45% in July. In wet years, average monthly changes in flow would
range from a maximum decrease of 66.0 cfs or 48% in April to a maximum increase of
41.3 cfs or 131% in March.

Muddy Creek Daily Flow Changes

Figures H-4.100 through H-4.102 show average daily hydrographs for Muddy Creek below
Wolford Mountain Reservoir for average, dry and wet conditions.

Figure H-5.18 presents a flow duration curve for Muddy Creek below Wolford Mountain
Reservoir. As shown by the flow duration curve, flow reductions between Current
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Conditions (2006) and the Proposed Action with RFFAs would be greatest in the range of
100 cfs to 400 cfs.

Table H-6.4 shows the percentage of days flow changes would occur below Wolford
Mountain Reservoir. About 73% of the time, flows would increase up to 100 cfs.
Decreases in flow ranging up to 100 cfs would occur about 14% of the time. As shown in
Table H-6.19, the maximum daily flow reduction below Wolford Mountain Reservoir
would occur in April and would be 1,266 cfs due to changes in the timing and magnitude of
spills.

Muddy Creek Peak Flow Changes

The combined effect of Denver Water’s additional diversions and other RFFAs would
affect the magnitude, timing, frequency, and duration of peak flows in Muddy Creek.
Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the peak flow
for an average year and wet year for Wolford Mountain Reservoir outflow. The magnitude
of the peak flow in an average year would decrease by 31 cfs but the magnitude of the wet
year peak flow would increase by 9 cfs. There would be no change in the timing of the
average or wet year peak flow.

Changes in the frequency of peak flows for different flood recurrence intervals are
discussed in the following section and in Section 4.6.3.

Muddy Creek Floodplain

Impacts to the Muddy Creek floodplain between Current Conditions (2006) and the
Proposed Action with RFFAs would be negligible. Wolford Mountain Reservoir contents
are consistently lower than under Current Conditions (2006), partly because of increased
substitution releases for Denver Water and Colorado Springs and increased releases from
the West Slope pool for contract deliveries. Usually, these more than offset the cessation of
10,825 Water releases that would occur under the Proposed Action with RFFAs. As a
result, Wolford Mountain enters runoff with more storage space, and the amount of water
bypassed or spilled is smaller. However, in the spring of wet years, both the Denver pool
and the West Slope pool reach their decreed limitation under the first storage right, and only
the West Slope pool is eligible to store under Wolford Mountain’s refill right. At this time
of year, the West Slope pool has less capacity under the Proposed Action with RFFASs than
under Current Conditions (2006) because of changes in 10,825 Water releases, so more
water is spilled than Current Conditions (2006). For recurrence intervals of 4.6 years and
greater, annual peak flows are the same or higher by up to 2.7%. For recurrence intervals
below 4.6 years, annual peak flows are generally the same or lower.

Blue River

For the purpose of analyzing changes in flows in the Blue River Basin modeled diversions
and stream flows were analyzed at Roberts Tunnel, and below Dillon and Green Mountain
reservoirs.

Changes in Blue River flows would be mainly due to Denver Water’s additional trans-basin
diversions through Roberts Tunnel and the shift in seasonal operations between Denver
Water’s North and South WTPs, increased depletions due to urban growth in the Blue River
Basin, and changes in Dillon Reservoir and Green Mountain Reservoir operations (storage
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and releases). Under the Proposed Action with RFFAs, there would be a reduction in
winter operations of Foothills and Marston WTPs (South System) because the Moffat WTP
(North System) would operate at a minimum level of 30 mgd during the winter. More
water would be kept in Dillon Reservoir during the winter months because the Moffat WTP
would meet demand that would otherwise be met by Foothills and Marston WTPs under
Current Conditions (2006). Summer diversions through Roberts Tunnel would generally be
higher due to an overall higher level of demand that would be met under the Proposed
Action with RFFAs; however, the monthly differences are more variable than in the winter.
Changes in Roberts Tunnel diversions would affect the amounts stored and spilled from
Dillon and Green Mountain reservoirs. For example, more water would be stored in Dillon
Reservoir during the runoff season to replace Roberts Tunnel diversions, so flows below the
reservoir would change due to differences in the amounts stored and the timing and
magnitude of spills. Green Mountain Reservoir operations would be affected by changes in
flows below Dillon Reservoir.

In addition to Denver Water’s diversions, diversions associated with municipal and
industrial growth in Summit County would increase by about 9,250 AF. Additional
diversions in Summit County due to growth in municipal and snowmaking water demands
would result in both additional depletions and changes in return flows. For example,
additional snowmaking diversions would decrease flows in winter months but increase
flows in summer months due to return flows.

Roberts Tunnel Diversions

As shown in Tables H-7.1 through H-7.3, average annual Roberts Tunnel diversions would
increase by 32,100 AF or 46%, 23,100 AF or 18% in dry years, and 25,300 or 72% in wet
years. The majority of the increase in Roberts Tunnel diversions would occur as Denver
Water’s average annual demand increases from Current Conditions (2006) to Full Use of
the Existing System prior to implementation of the Moffat Project. Table H-1.62
summarizes average monthly diversions through the Roberts Tunnel for average, dry, and
wet conditions. Diversions through Roberts Tunnel would decrease on average during the
winter months and increase on average during the summer months. Denver Water’s
increased diversions through Roberts Tunnel would be greatest from June through October.
There is less variation in the decrease in diversions during winter months than the increase
in diversions in summer months. Increases in diversions in summer months would tend to
be greatest in average and wet years and would depend on how system-wide storage
contents, hydrologic conditions and how Denver Water’s Blue River supplies are used in
conjunction with their South Platte River and Moffat system supplies. Monthly average
diversions would decrease up to 19.6 cfs or 27% in February and increase up to 131.9 cfs or
68% in September. In dry years, monthly average diversions would decrease up to 16.7 cfs
or 23% in March and increase up to 127.9 cfs or 52% in June. In wet years, monthly
average diversions would decrease up to 18.3 cfs or 37% in January and increase up to
142.5 cfs or 98% in September.

Table H-6.9 shows the percentage of days that Roberts Tunnel diversions would change.
Increases in diversions from 1 to 99 cfs would be most common and occur approximately
30% of the time. The maximum daily increase in diversions would be 605 cfs in January.
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Significant increases in diversions would more frequently occur in July, August, and
September.

Blue River Stream Flow

Flows below Dillon Reservoir reflect differences in Roberts Tunnel diversions, Dillon
Reservoir spills and additional depletions and changes in returns flows due to growth in
municipal and snowmaking water demands in Summit County. Average monthly flows are
lower throughout the year with the greatest reductions in flow occurring during summer
months. Flow changes during the winter months are relatively minor. Average annual
outflow from Dillon Reservoir would decrease by 32,500 AF or 26%, 9,000 or 18% in dry
years and 31,200 AF or 13% in wet years. Table H-1.63 summarizes average monthly
outflow from Dillon Reservoir for average, dry, and wet conditions. Monthly average
outflow would decrease by a maximum of 253.0 cfs or 33% in June. In dry years, monthly
average outflow would decrease by a maximum of 70.9 cfs or 49% in July. In wet years,
monthly average outflow would decrease by a maximum of 397.9 cfs or 42% in May. The
magnitude and quantity of flow reductions depends to a large extent on Dillon Reservoir
spills. The number of days that Dillon Reservoir is full and spilling would be reduced by
between 30 and 40%.

In several months there would be no change in flow below Dillon Reservoir because
Denver Water would store all it could and bypass only what it must, which is typically
50 cfs. Although Denver Water has the ability to reduce bypass flows below Dillon
Reservoir, they have not exercised that right to date. Reductions in bypass flows below
Dillon Reservoir were not included in PACSM. There is no indication that reductions in
Dillon Reservoir bypass flows would increase under the Proposed Action with RFFAs.

PACSM results show there would be days under Current Conditions (2006) and the
Proposed Action with RFFAs when the flow below Dillon Reservoir would be less than

50 cfs (254 days under Current Conditions [2006] and 146 days under the Proposed Action
with RFFAs out of 16,436 days in the 45-year study period). The number of days less than
50 cfs decreases under the Proposed Action with RFFAS because water demands for
Summit County municipalities increase and more augmentation water is released from
Dillon Reservoir. In addition, substitution releases from Dillon Reservoir increase in one
year of the study period under the Proposed Action with RFFAs. Flows are less than 50 cfs
for the following reasons. Dillon Reservoir is required to bypass from Dillon Reservoir a
minimum of 50 cfs or inflow, whichever is less. On days when modeled flows are less than
50 cfs, the inflow to Dillon Reservoir is less than 50 cfs. This can occur in the model on
days the natural flow at Dillon Reservoir, which is calculated based on historical USGS
gage records, Roberts Tunnel flows, change in storage and evaporation at Dillon Reservoir,
and upstream depletions, is very low. Very small differences in reservoir gage height
readings can equate to large changes in reservoir contents, therefore, the calculated natural
flow in PACSM may be lower or higher than actually occurred. This is particularly an
issue on low flow days and could result in modeled inflows being less than 50 cfs when in
actuality the inflow would have been higher.

Actual operations and releases from Dillon Reservoir are based on a 7-day running average
to smooth out small day-to-day variations in reservoir gage height measurements and
maintain a more steady flow in the Blue River below Dillon Reservoir. Operations since
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1990 show that the 7-day average flow below Dillon Reservoir has rarely been below

50 cfs. This can be expected to continue in the future under Current Conditions (2006),
Full Use of the Existing System and the Proposed Action with RFFAs. PACSM operates
on a daily basis as opposed to a 7-day running average basis. To provide a more accurate
estimate of low flow conditions below Dillon Reservoir for the analysis of resource effects,
the daily flow below Dillon Reservoir was recalculated based on a 7-day running average.
While this produces flow estimates that are more representative of actual operations, 7-day
average flows may still be low due to the methodology used to calculated natural inflows
described above.

Average annual municipal and snowmaking demands in the Blue River Basin would
increase by about 9,250 AF. These demands would result in additional depletions of
approximately 1,200 AF/yr on average and changes in the timing and quantity of return
flows. As shown in Table 4.6.1-5, water supplies are primarily adequate to meet Current
Conditions (2006) demands for water providers in the Blue River Basin, with the exception
of Keystone Snake River Snowmaking. Although PACSM results indicate that Keystone
Snake River Snowmaking would have an average annual shortage of 181 AF primarily
during November and December due to the instream flow requirement at their diversion, it
is unlikely this would occur. To address this, Keystone has been diverting water from the
Roberts Tunnel via the Montezuma shaft to help meet their snowmaking demands. Because
this operation has only occurred in recent years it was not included in PACSM, however,
had it been, shortages would likely be reduced and possibly avoided. Under the Proposed
Action with RFFAs, Summit County water providers would experience average annual
shortages ranging from 1 AF to 181 AF. Water providers that would experience increased
shortages compared to Current Conditions (2006) include Arapahoe Basin Snowmaking,
Keystone Snake River Snowmaking, Keystone Montezuma domestic, Keystone Gulch,
Snake River Water District, and Copper Mountain Water and Sanitation District. The
majority of additional shortages in the Blue River Basin would occur due to Denver
Water’s additional diversions as their average annual demand increases from Current
Conditions (2006) to Full Use of the Existing System. Tables H-13.9 through H-13.18
summarize additional shortages anticipated to occur between Current Conditions (2006)
and Full Use of the Existing System for Summit County water providers. Additional
shortages would occur primarily during the winter months from October through April due
to Denver Water’s upstream diversions and limited supplies. The shortage for Copper
Mountain Water and Sanitation district would occur because their build-out demand
exceeds the supply that can be provided by their existing water rights. This shortage could
potentially be avoided if Copper Mountain acquired additional water rights.

Changes in Blue River flows below Green Mountain Reservoir are the result of the
interaction between the seasonal shift in operations between Denver Water’s northern and
southern treatment systems and increased demand from Denver Water, Colorado Springs
and municipalities in Summit County. The combined effect of these actions results in less
water stored in Green Mountain Reservoir and a corresponding decrease in reservoir
releases for power, minimum flow requirements and demand. Releases for power would be
less since Green Mountain Reservoir contents would typically be lower during the winter
months. Power releases are typically made from November through March to reach a target
by the end of March that is dependent on the forecast. Average monthly flows are lower
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throughout the year with the greatest reductions in flow occurring during summer months in
June and July.

Note that flows in March, which are estimated by PACSM, are higher than have historically
occurred due to operating rules included in the model for Green Mountain Reservoir. In
PACSM, Green Mountain Reservoir is lowered to 50,000 AF, 60,000 AF or 70,000 AF by
April 1 based upon the most probable inflow conditions. While this is consistent with the
U.S. Department of the Interior, Bureau of Reclamation Annual Operating Plan, it does not
always match historical operations. Historical operations show that the start of fill date for
Green Mountain Reservoir has varied between April 1 and May 15 because snowpack and
snowmelt conditions differ from year to year (particularly in wet years). Often the start of
fill data is set retroactively months afterwards. While PACSM accurately reflects Green
Mountain Reservoir operations in a dry year, it is difficult to replicate the variability in
operations in wet years since model operations are driven by defined operating rules and
drawdown targets. PACSM results for April and May show flows are lower than have
occurred historically. This is also related to the operating rules for Green Mountain and the
start of fill date of April 1. The bypass requirement below Green Mountain Reservoir is

60 cfs, therefore, the flow below the reservoir is often no more than 60 cfs in PACSM after
April 1 until the reservoir fills. Since the start of fill date has historically varied between
April 1 and May 15, the flows below Green Mountain Reservoir are often higher than

60 cfs if the reservoir is still being drawn down to target levels. The start of fill date affects
the timing of flow below Green Mountain Reservoir but has little impact on the average
annual volume of flow below the reservoir. For example, a later start-of-fill date results in
spills later in the season, however, the volume of water spilled would be similar regardless
of the start-of-fill date.

Flow changes during the winter months are relatively minor particularly from December
through March. As shown in Tables H-7.1 through H-7.3, average annual outflow from
Green Mountain Reservoir would decrease by 32,900 AF or 12%, 9,600 or 5% in dry years,
and 38,000 AF or 8% in wet years. Table H-1.64 summarizes average monthly outflow
from Green Mountain Reservoir for average, dry, and wet conditions. Monthly average
outflow would decrease by a maximum of 270.7 cfs or 30% in June. In dry years, monthly
average outflow would decrease by a maximum of 59.1 cfs or 11% in July and increase by
a maximum of 1.8 cfs or 1% in April. In wet years, monthly average outflow would
decrease by a maximum of 215.2 cfs or 10% in June.

Blue River Daily Flow Changes

Figures H-4.103 through H-4.105 show average daily diversions through Roberts Tunnel
for average, wet, and dry conditions. Figures H-4.106 through H-4.111 show average daily
outflow from Dillon and Green Mountain reservoirs for average, wet, and dry conditions.

Figures H-5.19 and H-5.20 present flow duration curves for Dillon Reservoir and Green
Mountain Reservoir outflow, respectively. As shown by the flow duration curves, flow
reductions would typically occur at higher flow rates.

Table H-6.5 shows the percentage of days from April through October that flow changes
would occur below Dillon and Green Mountain reservoirs. Below Dillon Reservoir, the
flow change would be less than 1 cfs about 62% of the time from June through August
when the majority of flow changes occur. Flows would decrease up to 100 cfs about 17%
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of the time. Below Green Mountain Reservoir, the flow change would be less than 1 cfs
about 41% of the time from June through August when the majority of flow changes occur.
Flows would decrease or increase up to 100 cfs about 24% and 20% of the time,
respectively. Table H-6.19 summarizes maximum daily flow reductions at similar
locations. The maximum daily flow reduction would occur in June and would be 2,226 cfs
below Dillon Reservoir and 3,723 cfs below Green Mountain Reservoir. These large flow
decreases are primarily caused by changes in the timing and magnitude of reservoir spills.

Figure H-6.10 presents daily flow changes below Dillon Reservoir from October 1953
through September 1957. This figure demonstrates flow reductions that would occur in a
sequence of dry years followed by a wet year. Denver Water would divert additional water
in the wet year following the drought, to refill Dillon Reservoir and deliver water through
the Roberts Tunnel for storage in its South Platte River Basin reservoirs. Additional
diversions under the Proposed Action with RFFAs would reduce Dillon Reservoir contents
and eliminate an early season spill in May 1957 that would occur under Current Conditions
(2006). The volume spilled later in the season in August and September would be less but
the peak flow would not change.

The reduction in flow in the year following the drought would increase the frequency and
duration of dry year conditions. The change in dry year frequency and duration was
evaluated for the Blue River below Dillon Reservoir. Annual flows for Current Conditions
(2006), Full Use of the Existing System, No Action, and each of the action alternatives
were ranked based on volume. The bottom 25™ percentile was assumed to include dry and
below average years. Below Dillon Reservoir, the number of years in the bottom

25" percentile would increase by 12 years from 12 years to 24 years, as shown in

Table H-15.10. The increase in frequency of dry years would be due to Denver Water’s
additional diversions as well as additional diversions upstream of this location due to
growth in Summit County.

This analysis also shows the duration and recurrence of back-to-back dry years will
increase. Under Current Conditions (2006), there would be 4 sets of at least 2 back-to-back
dry or below average years below Dillon Reservoir, with the longest period being 3 years in
arow. Under the Proposed Action with RFFAs, there would be 6 sets of at least

2 back-to-back dry or below average years, with the longest period being 5 years in a row at
that location.

Blue River Peak Flow Changes

The combined effect of Denver Water’s additional diversions and other RFFAs would
affect the magnitude, timing, frequency, and duration of peak flows in the Blue River.

Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the average
peak flow for an average year and wet year for the Blue River below Dillon and Green
Mountain reservoirs. The magnitude of the peak flow below Dillon Reservoir would
decrease by 275 cfs and shift 10 days later in an average year. The magnitude of the peak
flow below Green Mountain Reservoir would decrease by 437 cfs and shift 4 days earlier in
an average year. The magnitude of the wet year peak flow below Dillon Reservoir would
increase by 208 cfs and shift 8 days earlier. The magnitude of the wet year peak flow
below Green Mountain Reservoir would increase by 112 cfs and shift 5 days earlier. The
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increase in the wet year peak flow is due primarily to the change in the timing and
magnitude of spills at Dillon and Green Mountain reservoirs in the five wettest years in the
study period.

Changes in the frequency of peak flows for difference flood recurrence intervals are
discussed in the following section and in Section 4.6.3.

Blue River Floodplain

Below Dillon Reservoir, annual peak flows for the Proposed Action with RFFASs are equal
to or lower than annual peak flows for Current Conditions (2006) at all return intervals, in
which case there would be negligible impact to floodplain size. Below Green Mountain
Reservoir, the same is true except at recurrence intervals greater than 9 years. Peak flows
for 3 out of 5 flood events analyzed in this category were greater than for Current
Conditions (2006), by 5 to 10%, indicating there would be minor increases in the size of the
floodplain. The daily time series shows that peak flows could potentially be attenuated by
releasing more water from Green Mountain Reservoir pre-emptively, so it is possible that
there would be no change to annual peak flows.

South Boulder Creek

South Boulder Creek Stream Flow

For the purpose of analyzing changes in flows in South Boulder Creek, modeled diversions
and stream flows were analyzed at the South Boulder Creek at Pinecliffe gage, below Gross
Reservoir, and at the South Boulder Creek near Eldorado Springs gage. Changes along
South Boulder Creek were described with respect to three different sections of the creek:
(1) from the Moffat Tunnel to Gross Reservoir, (2) from Gross Reservoir to the South
Boulder Diversion Canal, and (3) below the South Boulder Diversion Canal.

Changes in South Boulder Creek flows under the Proposed Action with RFFAs would be
due to Denver Water’s additional trans-basin diversions through Moffat Tunnel, changes in
storage and releases from Gross Reservoir to meet a higher demand, and increased
diversions at the South Boulder Diversion Canal. In the uppermost reach, changes in flow
are equivalent to changes in Moffat Tunnel deliveries. As shown in Tables H-7.1 through
H-7.3, annual flows at the Pinecliffe gage would increase by 13,000 AF or 12% on average,
1,500 or 2% in dry years, and 17,900 AF or 17% in wet years. Note, that the combination
of 5 years that were averaged to determine a wet and dry year average are different for the
Moffat Tunnel versus South Boulder Creek because diversions into the Moffat Tunnel
occur on the West Slope, whereas South Boulder Creek is located on the East Slope. Refer
to Section 4.6.1 for a discussion of West Slope versus East Slope dry and wet year
averages. As a result, the changes in wet and dry year annual averages are not comparable
for the Moffat Tunnel and Pinecliffe gage.

Table H-1.65 summarizes average monthly flows at the Pinecliffe gage for average, dry,
and wet conditions. Flow increases would occur primarily in May, June, and July when
additional diversions through Moffat Tunnel would be greatest. As discussed under the
section for the Fraser River, Moffat Tunnel diversions would increase in dry years due to
reductions in bypass flows in the Fraser River Basin as Denver Water’s demands increase
from Current Conditions (2006) to Full Use of the Existing System. As a result, flow
increases would occur in South Boulder Creek above Gross Reservoir in dry years. There
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would also be flow decreases in South Boulder Creek in winter months due to reduced
Moffat Tunnel diversions during those months compared to Current Conditions (2006).
Some of the water that would be diverted through the Moffat Tunnel under Current
Conditions (2006) would be diverted for snowmaking purposes in the Fraser River Basin
instead because those demands would increase. Monthly average flows at the Pinecliffe
gage would increase by a maximum of 119.9 cfs or 20% in June and decrease by a
maximum of 1.2 cfs or 3% in November. In dry years, monthly average flows would
increase by a maximum of 16 cfs or 11% in July and decrease by a maximum of 2.4 cfs or
8% in November. In wet years, monthly average flows would increase by a maximum of
175.3 cfs or 39% in June and decrease by a maximum of 2.5 cfs or 6% in November.

From Gross Reservoir to the South Boulder Diversion Canal, changes in flow reflect Gross
Reservoir operations. In general, flows would be higher from October through April, as
water would be moved out of Gross Reservoir and into Ralston Reservoir. The Moffat
WTP would operate at a minimum of 30 mgd during the winter; therefore, more water
would be released from Gross Reservoir during these months in response to the treatment
load shift. In April, water would be proactively released from Gross Reservoir, in
anticipation of the runoff and to stage as much water as possible close to the Moffat WTP.
Releases from Gross Reservoir during a drought would depend on storage conditions in
Denver Water’s North and South systems and hydrologic conditions. Increases in outflow
from Gross Reservoir would be greatest in dry years because Denver Water would draw
more water from their North System storage with the Proposed Action as a drought begins.
In advanced stages of a drought, Denver Water’s South System reservoirs would have more
water and get drawn on more intensely. Thus, changes in stream flow in August, for
example, would differ depending on storage conditions in Denver Water’s North and South
systems and hydrologic conditions. Flows from May through September would be lower
on average because Foothills and Marston WTPs would meet a greater portion of the
overall demand during these months with the Proposed Action and as a result, Gross
Reservoir releases would decrease.

As shown in Tables H-7.1 through H-7.3, annual outflow from Gross Reservoir would
increase by 12,300 AF or 11% on average, 17,500 AF or 21% in dry years, and 18,600 AF
or 17% in wet years. Table H-1.66 summarizes average monthly outflow from Gross
Reservoir for average, dry, and wet conditions. Monthly average flows would decrease up
to 53.5 cfs or 20% in May and increase up to 88 cfs or 865% in January. In dry years,
monthly average flows would decrease up to 44.9 cfs or 18% in July and increase up to
85.1 cfs or 1,083% in January. In wet years, monthly average flows would decrease up to
50.7 cfs or 24% in May and increase up to 84.5 cfs or 687% in January.

Below the South Boulder Diversion Canal, flows would generally decrease on average
because Denver Water would divert more native South Boulder Creek water, either to
storage at Gross Reservoir or under their direct diversion right at the South Boulder
Diversion Canal. These additional diversions, which would occur in wet years during
runoff in May and June, would reduce flows below the canal. As shown in Tables H-7.1
through H-7.3, annual flows at the Eldorado Springs gage would decrease by 1,300 AF or
3% on average, increase by 190 AF or less than 1% in dry years, and decrease by 4,800 AF
or 8% in wet years. Table H-1.67 summarizes average monthly flows at the Eldorado
Springs gage for average, dry, and wet conditions. Monthly average flows would decrease
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by a maximum of 15.3 cfs or 5% in June. Monthly average flows in wet years would
decrease by a maximum of 40.8 cfs or 12% in June. Flows changes would be minimal in
dry years.

South Boulder Creek Native Stream Flow

Native flows on South Boulder Creek from the East Portal of the Moffat Tunnel to Gross
Reservoir are affected by Denver Water’s trans-basin diversions from the Fraser and
Williams Fork rivers. Table H-12.20 shows the native flow at the South Boulder Creek at
Pinecliffe gage and the amount and percentage added due to additional Moffat Tunnel
deliveries under Current Conditions (2006), Full Use of the Existing System, No Action and
each of the action alternatives. Under the Proposed Action with RFFAs, the average annual
Moffat Tunnel delivery to South Boulder Creek increases from 151% under Current
Conditions (2006) to 181% of the native flow. The increase in flow added to this river
segment is greatest during the runoff season from May through July in average and wet
years. In average years, the Moffat Tunnel delivery ranges up to 426% of the native flow in
September. Average monthly native flows and Moffat Tunnel deliveries are 18.0 cfs and
76.8 cfs, respectively in September. In wet years, the Moffat Tunnel delivery ranges up to
669% of the native flow in September. Average monthly flows and Moffat Tunnel
deliveries are 15.9 cfs and 106.1 cfs, respectively in September in a wet year. While, the
percentage of flow added to South Boulder Creek from the Moffat Tunnel is significant, the
section of South Boulder Creek above Gross Reservoir has been modified to accommodate
up to 1,200 cfs at the Pinecliffe gage.

South Boulder Creek Daily Flow Changes

Figures H-4.112 through H-4.120 show average daily hydrographs along South Boulder
Creek for average, wet, and dry conditions.

Figures H-5.21 through H-5.23 present flow duration curves for the South Boulder Creek at
Pinecliffe gage, outflow from Gross Reservoir and South Boulder Creek near Eldorado
Springs gage, respectively. As shown by the flow duration curve at the Pinecliffe gage,
flow increases would occur primarily at higher flow rates. The flow duration curve for
Gross Reservoir outflow shows flow decreases would occur primarily at higher flow rates
while flow increases would occur primarily at lower flow rates. The flow duration curve at
the Eldorado Springs gage shows flow decreases would occur primarily at higher flow
rates.

Table H-6.6 shows the percentage of days that flow changes would occur at the Pinecliffe
gage, below Gross Reservoir, and at the Eldorado Springs gage. At the Pinecliffe gage, the
flow change from May through July would be less than 1 cfs about 29% of the time. Flows
would increase up to 100 cfs about 60% of the time. Below Gross Reservoir, the flow
change would be less than 1 cfs about 28% of the time. Flows would decrease or increase
up to 100 cfs about 20% and 47% of the time, respectively. At the Eldorado Springs gage,
the flow change from May through July would be less than 1 cfs about 84% of the time.
Flows would either increase or decrease up to 100 cfs about 16% of the time. Table H-6.19
summarizes maximum daily flow reductions at similar locations. The maximum daily flow
reduction at the Pinecliffe gage would occur in June and would be 247 cfs. Below Gross
Reservoir and at the Eldorado Springs gage, the maximum daily flow reduction would
occur in May and would be 516 cfs and 526 cfs, respectively.
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South Boulder Creek Peak Flow Changes

Denver Water’s additional diversions through the Moffat Tunnel would affect the
magnitude, timing, frequency, and duration of peak flows in South Boulder Creek.

Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the peak flow
for an average year and wet year at the Pinecliffe gage, below Gross Reservoir, and at the
Eldorado Springs gage. At the Pinecliffe gage, the magnitude of the peak flow in an
average year would increase by 128 cfs, whereas below Gross Reservoir and at the
Eldorado Springs gage, the peak flow would decrease by 28 cfs and 24 cfs, respectively.
The timing of the peak flow would shift 3 days later below Gross Reservoir and not change
at the other locations. The magnitude of the wet year peak flow would increase by 243 cfs
at the Pinecliffe gage and 69 cfs below Gross Reservoir and decrease by 25 cfs at the
Eldorado Springs gage. The timing of the wet year peak flow would shift 13 days later at
the Pinecliffe gage and not change at the other locations.

Changes in the frequency of peak flows for difference flood recurrence intervals are
discussed in the following section and in Section 4.6.3.

South Boulder Creek Floodplain

Between the East Portal of Moffat Tunnel and Gross Reservoir, the channel has been
improved to accommodate a flow of 1,200 cfs, and Denver Water operates the Moffat
Tunnel such that this limit, including natural flows, is not exceeded. As a result, the only
annual flood flows that increase significantly under the Proposed Action with RFFAs,
relative to Current Conditions (2006), are below approximately 920 cfs. During a major,
rare flood event that exceeds channel capacity, the Moffat Tunnel would not be diverting
water, and there would be no increase in floodplain boundaries that could be attributed to
the Moffat Project.

Gross Reservoir is currently not operated to provide flood control along South Boulder
Creek and that would not change under any of the alternatives. However, an enlarged
Gross Reservoir would generally be able to capture some flows that would be spilled under
Current Conditions (2006). As a result, annual flood flows below Gross Reservoir would
consistently be smaller than under Current Conditions (2006). For estimated recurrence
intervals of 2 years or more, this reduction would be approximately 8 to 12% of the Current
Conditions (2006) annual flood flow, indicating that the floodplain extent would decrease
below Gross Reservoir.

In 2009, the City of Boulder completed a study of the floodplain along South Boulder
Creek below Gross Reservoir beginning at Eldorado Springs. Resulting floodplain
mapping has not yet been adopted by the Federal Emergency Management Agency
(FEMA) for regulatory purposes but the City of Boulder already uses the new maps to issue
permits for properties within the South Boulder Creek Basin. The study assumed that
Gross Reservoir was full during the design storm. Given that assumption, there would be
no change to the floodplain below Boulder Canyon, per the Boulder study, that can be
attributed to the Moffat Project. It is possible that an enlarged Gross Reservoir would result
in reductions in the floodplain size due to the ability to capture additional South Boulder
Creek flows.
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North Fork South Platte River

For the purpose of analyzing changes in flows in the North Fork South Platte River under
the Proposed Action with RFFAs, modeled diversions and stream flows were analyzed at
the North Fork South Platte River below the Geneva Creek gage, which is just downstream
of where the Roberts Tunnel discharges to the river.

North Fork South Platte River Stream Flow

The changes in flow in the North Fork South Platte River would be due to the shift in
seasonal operations between Denver Water’s northern and southern WTPs and additional
trans-basin diversions through Roberts Tunnel. Monthly average diversions through the
Roberts Tunnel from November through April would be lower, which results in equivalent
lower flows in the North Fork South Platte River in these months. Flows during winter
months would consistently be lower by about 15 to 30% on average. Summer diversions
through Roberts Tunnel would generally be higher, and consequently flows in the North
Fork South Platte River would be higher on average from May through October. Flow
changes at the Geneva Creek gage are slightly less than changes in diversions at the Roberts
Tunnel due to transit losses.

As shown in Tables H-7.1 through H-7.3, annual flows at the Geneva Creek gage would
increase by 31,000 AF or 26% on average, 35,900 AF or 24% in dry years, and 16,800 AF
or 17% in wet years. The State Engineer’s Office assesses a 5% transit loss on Denver
Water’s Roberts Tunnel deliveries to the North Fork South Platte River. The transit loss is
intended to offset channel losses and evaporation losses from any additional water surface
area that is caused by the delivery of water along the North Fork South Platte River from
the outfall of the Roberts Tunnel to the Denver Water Intake/Conduit 20. Therefore, the
average annual flows in the North Fork South Platte River are less by the 5% transit loss
applied to Robert Tunnel deliveries. Table H-1.68 summarizes average monthly flows in
the North Fork South Platte River below Geneva Creek gage for average, dry, and wet
conditions. Monthly average flows would decrease up to 18.8 cfs or 22% in February and
increase up to 127.2 cfs or 54% in September. In dry years, monthly average flows would
decrease up to 14.4 cfs or 16% in March and increase up to 168.7 cfs or 50% in June. In
wet years, monthly average flows would decrease up to 22.3 cfs or 26% in February and
increase up to 125.1 cfs or 79% in September. Note, that the combination of 5 years that
were averaged to determine a wet and dry year average are different for the Roberts Tunnel
versus the North Fork South Platte River because diversions at the Roberts Tunnel occur on
the West Slope, whereas the North Fork South Platte River is located on the East Slope.
Refer to Section 4.6.1 for a discussion of West Slope versus East Slope dry and wet year
averages.

North Fork South Platte River Native Stream Flow

Native flows on the North Fork South Platte River downstream of the East Portal of the
Robert Tunnel are affected by Denver Water’s trans-basin diversions from the Blue River.
Table H-12.21 shows the native flow and the amount and percentage added to the North Fork
South Platte River below Geneva Creek gage due to Denver Water’s additional Roberts
Tunnel deliveries under Current Conditions (2006), Full Use of the Existing System, No
Action and each of the action alternatives. Under the Proposed Action with RFFAs, the
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average annual Roberts Tunnel delivery to the North Fork South Platte River increases from
131% under Current Conditions (2006) to 191% of the native flow. The increase in flow
added to this river segment is greatest in dry years in the summer and fall. In average years,
the Roberts Tunnel delivery ranges up to 632% of the native flow in September. Average
monthly native flows and Roberts Tunnel deliveries are 49.5 cfs and 312.9 cfs, respectively
in September. In dry years, the Roberts Tunnel delivery ranges up to 789% of the native
flow in October. Average monthly native flows and Roberts Tunnel deliveries are 31.7 cfs
and 250.0 cfs, respectively in October in a dry year. While, the percentage of flow added to
the North Fork South Platte River from the Roberts Tunnel is significant, the river segment
below the Roberts Tunnel outfall has been modified to accommodate up 680 cfs (daily
average) at Grant and 980 cfs (daily average) above the confluence with the mainstem.

North Fork South Platte River Daily Flow Changes

Figures H-4.121 through H-4.123 show average daily hydrographs at the North Fork South
Platte River below Geneva Creek gage for average, wet, and dry conditions.

Figure H-5.24 presents a flow duration curve for the North Fork South Platte River below
Geneva Creek gage. As shown, flow increases would occur at higher flow rates, while flow
decreases occur at lower flow rates.

Table H-6.7 shows the percentage of days that flow changes would occur at the Geneva
Creek gage and above Pine. About 11% of the time there would be little to no flow change
(less than 1 cfs) at the Geneva Creek gage. Flows would increase or decrease up to 100 cfs
about 57% and 17% of the time, respectively. Flow changes above Pine would be similar
to the Geneva Creek gage. Table H-6.19 summarizes maximum daily flow reductions at
similar locations. The maximum daily flow reduction at the Geneva Creek gage would
occur in August and would be 554 cfs. The maximum daily flow reduction above Pine
would also occur in August and would be 484 cfs.

North Fork South Platte River Peak Flow Changes

Denver Water’s additional diversions through the Roberts Tunnel would affect the
magnitude, timing, frequency, and duration of peak flows in the North Fork South Platte
River.

Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the peak flow
for an average year and wet year at North Fork South Platte River below Geneva Creek
gage. Below the Geneva Creek gage, the magnitude of the peak flow in an average year
would increase by 102 cfs and the timing would shift two days later. The magnitude of the
wet year peak flow would increase by 3 cfs but the timing would not change.

North Fork South Platte River Floodplain

Denver Water regulates Roberts Tunnel diversions in an effort to keep the average daily
flow in the North Fork South Platte River below 680 cfs at Grant and below 980 cfs above
the confluence with the mainstem (Yevdjerick and Simons 1966, 1967). Under the
Proposed Action with RFFAs, annual peak flows at Grant for recurrence intervals of
approximately 6 years and greater are all between 660 and 670 cfs. These annual flood
flows reflect Roberts Tunnel delivering the maximum amount allowed by the channel
capacity.
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From May through October, Roberts Tunnel consistently delivers more water than Current
Conditions (2006) because of the increase in Denver Water’s demands. Annual peak flows
range from 335 to 670 cfs under Current Conditions (2006) and from 454 to 670 cfs under
the Proposed Action with RFFAs. Thus flows are virtually the same for low frequency/
high recurrence intervals, but increase by as much as 30 to 40% for high frequency/low
recurrence intervals. The low recurrence flows are within the channel capacity. During a
major, rare flood event that exceeds channel capacity, Roberts Tunnel would not be
importing substantial amounts of water, and there would be no increase in floodplain
boundaries that could be attributed to the Moffat Project.

South Platte River

South Platte River Stream Flow

For the purpose of analyzing changes in flows along the South Platte River under the
Proposed Action with RFFAs, modeled diversions and stream flows were analyzed below
Antero, Eleven Mile Canyon, Cheesman, and Chatfield reservoirs, and at the South Platte
River at three USGS gages — Waterton, Denver, and Henderson.

Antero Reservoir to Cheesman Reservoir. In the upper South Platte River, above the
confluence with the North Fork South Platte River, flows would be influenced by the
combined effects of Denver Water’s increased demand level and the seasonal shift in
operations between the Moffat WTP and Marston and Foothills WTPs. Some of the
demand that would otherwise be met by the Marston and Foothills WTPs during the winter
would be met by the Moffat WTP with the Proposed Action.

On average, there would be relatively little change in flows below Antero and Eleven Mile
Canyon reservoirs since these reservoirs are operated more for drought protection. Flow
changes below Cheesman Reservoir would be more variable. On average, flows below
Cheesman Reservoir would be lower from June through August because more water would
be exchanged to Cheesman Reservoir, which would reduce outflow. More water would be
stored in Cheesman Reservoir through exchanges during the summer because there would
be more reusable effluent due to Denver Water’s increased demand level. During other
months of the year, the exchange potential is limited and the net outflow would increase
because more water would be released to meet a higher level of demand.

The variability in flow changes below Cheesman Reservoir is most notable during the
summer months. For instance, the difference in monthly flows below Cheesman Reservoir
in August would range from a decrease of 17,200 AF to an increase of 11,000 AF. One
reason the change in flows would be variable for any given summer month is that Denver
Water’s mode of operation changes through the course of a drought. As a drought begins,
Denver Water would draw more water from their North System storage with the Proposed
Action, which may reduce demand on Antero, Eleven Mile Canyon, and Cheesman
reservoirs. Consequently, less water would typically be used from Denver Water’s South
System storage at that time. In advanced stages of a drought, Denver Water’s South
System reservoirs would have more water and get drawn on more intensely. Thus, changes
in stream flow in August, for example, would differ depending on storage conditions in
Denver Water’s North and South systems and hydrologic conditions.

4-122 Surface Water — Proposed Action — South Platte River



Chapter 4 - Total Environmental Effects

Denver Water has the ability to reduce bypass flows below Eleven Mile Canyon and
Cheesman reservoirs. Reductions in bypass flows below Eleven Mile Canyon and
Cheesman reservoirs were not included in PACSM. There is no indication that reductions
in bypass flows would increase under the Proposed Action with RFFAs.

As shown in Tables H-7.1 through H-7.3, annual outflow from Antero, Eleven Mile
Canyon, and Cheesman reservoirs changes by less than 700 AF or 1% on average and in
wet years, and in dry years, average annual outflow increases by 610 AF (7%), 1,600 AF
(2%), and 9,300 AF (7%), respectively. Tables H-1.69 through H-1.71 summarize average
monthly outflow from Antero, Eleven Mile Canyon, and Cheesman reservoirs for average,
dry, and wet conditions. Monthly average, wet, and dry year flow changes below Antero
Reservoir would be relatively small and would range up to 7.5 cfs. Monthly average
outflow from Eleven Mile Canyon Reservoir would decrease up to 3.8 cfs or 1% in July
and increase up to 5 cfs or 3% in September. In dry years, monthly average outflow would
decrease up to 4.6 cfs or 3% in May and increase up to 17.8 cfs or 10% in August. In wet
years, monthly average outflow would decrease up to 6.5 cfs or 1% in June and increase up
to 8.2 cfs or 9% in March. Average monthly outflow from Cheesman Reservoir would
decrease up to 14.1 cfs or 3% in June and increase up to 20.7 cfs or 6% in May. In dry
years, monthly average outflow would decrease up to 14.1 cfs or about 9% in October and
increase up to 48.7 cfs or 19% in September. In wet years, average monthly outflow would
decrease up to 23.3 cfs or 11% in October and increase up to 26.5 cfs or 3% in May.

Cheesman Reservoir to South Platte River at Waterton Gage. Denver Water’s direct
diversions and exchanges to Strontia Springs Reservoir and Conduit 20 would change under
the Proposed Action with RFFAs primarily in response to the shift in seasonal operations
between Denver Water’s northern and southern WTPs, as well as the overall higher level of
demand that is met with additional storage on line. As a result, South Platte River flows at
the Waterton gage would decrease on average in the summer months. There would be little
change in flows at Waterton gage in most winter months from September through March;
however, flow increases would occasionally occur. Increases in flows would be due mainly
to increased load shifting between Denver Water’s WTPs. Due to the load shift, water
would be moved between Strontia Springs, Chatfield, and Marston reservoirs differently
with the Proposed Action. While the amount moved would be comparable to the Current
Conditions (2006) scenario, the timing would change.

In the summer, Foothills and Marston WTPs would operate at higher rates with the
Proposed Action because of the overall higher level of demand that would be met.
Therefore, Denver Water’s direct diversions at Strontia Reservoir and Conduit 20 would
increase in response to higher demand. The greatest increases in direct diversions would
typically occur in the months of May, June, and July. In addition, exchanges to Conduit 20
would also increase in summer months for similar reasons. Because summer diversions
through Roberts Tunnel would generally be higher with the Proposed Action, more reusable
effluent at the Metro Wastewater Reclamation District Plant (Metro WWTP) and the
Littleton-Englewood (Bi-City) WWTP would be available for exchange. The increase in
available reusable effluent combined with the increased operation of Foothills and Marston
WTPs in the summer, would result in increased exchanges to Conduit 20 on average. The
majority of additional exchanges would occur from April through September.
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Denver Water has the ability to reduce summer minimum fish flows downstream of
Strontia Springs Dam at the Old Last Chance Ditch Diversion. Reductions in summer
minimum flows below Strontia Springs Dam were not included in PACSM. There is no
indication that reductions in these minimum flows would increase under the Proposed
Action with RFFAs.

Flows at the South Platte River at Waterton gage, which is below Strontia Springs and
Conduit 20, were reviewed to evaluate changes in flows as a result of increased direct
diversions and exchanges up to Conduit 20. As shown in Tables H-7.1 through H-7.3,
average annual flows at the Waterton gage would decrease by 14,200 AF or 13%, 1,000 AF
or 3% in dry years, and 19,200 AF or 6% in wet years. Table H-1.72 summarizes average
monthly flows at the Waterton gage for average, dry, and wet conditions. Monthly average
flows would decrease up to 62.4 cfs or 27% in August and increase up to 0.9 cfs or 2% in
November. In dry years, monthly average flows would decrease up to 7.9 cfs or 11% in
July and increase up to 3.9 cfs or 13% in November. In wet years, monthly average flows
would decrease up to 73.9 cfs or 9% in July and increase up to 1.8 cfs or 3% in November.

South Platte River at Waterton Gage to Denver Gage. In the reach along the South Platte
River between the Waterton gage and Denver gage, flows would decrease on average as
compared to Current Conditions (2006); however, the reduction in flow is less at the
Denver gage than at the Waterton gage. The reduction in flow decreases due to additional
effluent returns at Bi-City WWTP and return flows accruing to the river from Denver
Water’s outdoor water usage. Under the Proposed Action with RFFAs, the average annual
decrease in flow at the South Platte at Waterton gage would be approximately 14,200 AF
while the average annual decrease in flow at the South Platte at Denver gage would be
approximately 7,900 AF. The average annual difference in flows between the Waterton
and Denver gages decreases by about 6,300 AF, which coincides closely with the net return
to the South Platte River in this reach.

In addition to changes due to additional return flows in this reach, there would be slight
differences in flows (approximately 1,100 AF/yr on average) between the Waterton gage
and below Chatfield Reservoir due to the WTP load shift. With the Proposed Action, water
would be moved between Strontia Springs, Chatfield, and Marston reservoirs differently,
which would result in some flow increases and decreases between the Waterton gage and
Chatfield Reservoir. The amount moved between these reservoirs would be comparable to
Current Conditions (2006); however, the timing changes.

Average monthly flows below Chatfield Reservoir would increase in November, December,
and January by up to 2.4 cfs. Average monthly flows in the remaining months would
decrease with the greatest reductions occurring during the period from April through
September when the majority of additional direct diversions and exchanges would occur.
There are a number of days under Current Conditions (2006) when there is zero flow below
Chatfield Reservoir. This occurs almost exclusively during the winter from November
through March ranging from 23% of the time in March to 44% of the time in November
under Current Conditions (2006). When Chatfield Reservoir does not have to bypass water
for a senior downstream call or the call is downstream of Denver Water’s gravel pits,
Denver Water is able to exchange water to Chatfield Reservoir leaving no outflow. There
would be a minor reduction in the number of days (less than 100 days over the entire
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45-year study period) there would be no outflow from Chatfield Reservoir under the
Proposed Action with RFFAs.

As shown in Tables H-7.1 through H-7.3, average annual flows below Chatfield Reservoir
would decrease by 15,300 AF or 13%, 1,600 AF or 7% in dry years, and 20,700 AF or 6%
in wet years. Table H-1.73 summarizes average monthly flows below Chatfield Reservoir
for average, dry, and wet conditions. Monthly average flows would decrease up to 71.6 cfs
or 33% in August and increase up to 2.4 cfs or 6% in November. In dry years, monthly
average flows would decrease up to 21.3 cfs or 51% in August and increase up to 13.6 cfs
or 77% in November. In wet years, monthly average flows would decrease up to 83.8 cfs
or 10% in July and increase up to 7.6 cfs or 11% in March.

Monthly flows at the Denver gage would increase on average during the winter months
from October through March. In general, flows would increase in the winter months in this
reach because there are additional indoor and outdoor return flows due to increased demand
and additional direct diversions and exchanges up to Strontia and Conduit 20 would be
fairly minimal. The changes in flows from April through September would be more
variable. On average, flows would decrease. Monthly flow increases would range up to
about 3,100 AF and decreases would range up to about 8,100 AF. Increases and decreases
from April through September would occur in both wet and dry years. The majority of
additional direct diversions and exchanges would occur from April through September.
There would also be differences throughout the year due to the load shift and associated
changes in the amount of water moved between Strontia Springs, Chatfield, and Marston
reservoirs.

As shown in Tables H-7.1 through H-7.3, average annual flows at the Denver gage would
decrease by 7,900 AF or 3%, increase by 7,300 AF or 8% in dry years, and decrease by
12,900 AF or 2% in wet years. Table H-1.74 summarizes average monthly flows at the
Denver gage for average, dry, and wet conditions. Monthly average flows would decrease
up to 60.5 cfs or 15% in August and increase up to 17.1 cfs or 12% in November. In dry
years, monthly average flows would decrease up to 10.3 cfs or 7% in August and increase
up to 36.3 cfs or 40% in November. In wet years, monthly average flows would decrease
up to 73.2 cfs or 3% in June and increase up to 18.9 cfs or 13% in December.

South Platte River at Denver Gage to South Platte River at Henderson Gage. In the reach
along the South Platte River between the Denver gage and Henderson gage, flows would
decrease on average as compared to Current Conditions (2006), however, the reduction in
flow is less at the Henderson gage than at the Denver gage. Under the Proposed Action
with RFFAs, the average annual decrease in flow at the South Platte at Denver gage would
be approximately 7,900 AF while the average annual decrease in flow at the South Platte at
Henderson gage would be approximately 2,400 AF. The average annual difference in flows
between the Denver and Henderson gages decreases by about 5,500 AF. The reduction in
flow decrease is due primarily to additional effluent returns at the Metro WWTP and return
flows accruing to the river due to Denver Water’s additional outdoor water usage.

In addition to changes in return flows, there would be an increase on average in the amount
diverted through the Metro WWTP pumps for Farmer’s Reservoir and Irrigation Company
(FRICO) because more water is available at the Metro WWTP at times when FRICO is

short of water. There would also be a decrease on average in the amount diverted from the
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Metro WWTP to the non-potable project under Denver Water’s junior right for the reuse
project and exchanges from downstream gravel pits. However, these changes are relatively
minor and are generally offsetting on an average annual basis.

Flows at the Henderson gage would increase on average from July through March. In
general, flows would increase in the late summer, fall and winter months in this reach because
there would be additional indoor and outdoor return flows attributable to Denver Water’s and
Arvada’s increased demands and additional direct diversions and exchanges up to Strontia
Springs Reservoir and Conduit 20 would be fairly minimal. The changes in flows from April
through June are more variable for the same reasons indicated for the reach between the
Waterton gage and Denver gage. During that period monthly flow increases would range up
to about 7,900 AF and decreases would range up to about 29,800 AF.

As shown in Tables H-7.1 through H-7.3, average annual flows at the Henderson gage
would decrease by 2,400 AF or 1%, dry year average annual flows would increase by
6,600 AF or 5%, and wet year average annual flows would decrease by 8,000 AF or 1%.
Table H-1.75 summarizes average monthly flows at the Henderson gage for average, dry,
and wet conditions. Monthly average flows would decrease up to 55.6 cfs or 18% in April
and increase up to 23.7 cfs or 10% in January and November. In dry years, average
monthly flows would decrease up to 2.4 cfs or 1% in June and increase up to 19.9 cfs or
10% in August. In wet years, monthly average flows would decrease up to 187.1 cfs or
20% in April and increase up to 41.6 cfs or 3% in July.

South Platte River Daily Flow Changes

Figures H-4.124 through H-4.135 show average daily hydrographs below Cheesman
Reservoir and at the Waterton, Denver and Henderson gages for average, wet, and dry
conditions.

Figures H-5.25 through H-5.30 present flow duration curves for outflow from the Antero,
Eleven Mile Canyon, and Cheesman reservoirs, the South Platte River at the Waterton gage,
Denver gage, and Henderson gage, respectively. As shown by the flow duration curves, flow
changes would be relatively small the majority of time.

Table H-6.8 shows the percentage of days that flow changes would occur for the South Platte
River locations. Flow changes would occur infrequently below Antero Reservoir. About
75% of the time there would be little to no flow change (less than 1 cfs) below Antero
Reservoir. The percentage of time flow decreases up to 100 cfs would occur generally
increases from upstream to downstream and would be greatest at the Henderson gage. Flow
decreases up to 100 cfs would occur about 38% of the time at the Henderson gage. Flow
increases up to 100 cfs would occur most frequently below Cheesman Reservoir and at the
Denver gage (about 52% and 62% of the time, respectively). Table H-6.19 summarizes
maximum daily flow reductions at similar locations. The maximum daily flow reductions
would range from 569 cfs below Antero Reservoir up to 1,811 cfs at the Denver gage.

South Platte River Peak Flow Changes

Tables H-14.4 and H-14.5 summarize changes in the magnitude and timing of the peak flow
for an average year and wet year at the Waterton gage and the Henderson gage. The
magnitude of the peak flow in an average year would decrease by 42 cfs at the Waterton
gage and 38 cfs at the Henderson gage. There would be no change in the timing of the peak
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flow. The magnitude of the wet year peak flow would decrease by 116 cfs at the Waterton
gage and 76 cfs at the Henderson gage. There would be no change in the timing of the wet
year peak at the Waterton gage. While the timing of the wet year peak would shift 39 days
earlier at the Henderson gage, a second peak would occur later at the same time as the wet
year peak flow under Current Conditions (2006).

South Platte River Floodplain

Below Cheesman Reservoir, annual peaks under the Proposed Action with RFFAs are
either the same or smaller at all recurrence intervals, compared with Current Conditions
(2006). For recurrence intervals greater than 6.6 years, the annual peaks are very similar.
For recurrence intervals between 2.5 years and 6.6 years, annual peaks are smaller than
under Current Conditions (2006) by 4 to 10%. For recurrence intervals less than 2.5 years,
annual peaks are smaller than under Current Conditions (2006) by 15 to 40%. Accordingly,
the effect on floodplain size is negligible.

At the Denver gage, annual flood flows are generally the same or smaller than annual flood
flows for Current Conditions (2006) at the same recurrence interval. However, there are a
few intervals for which flood flows are larger. For recurrence intervals above 4.2 years, the
greatest increase in flood flow is 1.4% of the Current Conditions (2006) flow. Differences
for lower recurrence intervals are generally +/- 5% of Current Conditions (2006) flows.
Changes to the floodplain extent in this reach of the river would be minor.

4.6.1.2 Alternative 1c with Reasonably Foreseeable Future Actions

Under Alternative 1c, a new 31,300-AF reservoir would be constructed at Leyden Gulch to
complement a 40,700-AF enlargement at Gross Reservoir (total size 82,511 AF). The
water source for Alternative 1¢ would be the same as the Proposed Action with RFFAs. A
portion of the additional Moffat Collection System diversions would be stored in a new
Leyden Gulch Reservoir. Water stored in Gross Reservoir would be released and delivered
via the South Boulder Diversion Canal to Leyden Gulch Reservoir in an effort to maintain
Leyden Gulch Reservoir full. This would stage water closer to the Moffat WTP and
maximize the space that would be available in Gross Reservoir for collection of Moffat
Collection System supplies. Water would be released from Leyden Gulch Reservoir as
needed to meet demands at Moffat WTP. In general, the majority of “new” water diverted
to Gross and Leyden Gulch reservoirs would be kept in storage until a drought occurs. The
additional water at Gross and Leyden Gulch reservoirs would typically only be used during
a drought. Changes in surface water hydrology are very similar to the Proposed Action
with RFFASs because the same amount of new storage would be added to the Moffat
Collection System and the water source would be the same as the Proposed Action.
Differences in hydrologic conditions compared to the Proposed Action with RFFAs would
be focused at Gross Reservoir and on South Boulder Creek below Gross Reservoir. Minor
changes in hydrology between the Proposed Action with RFFAs and Alternative 1c¢ would
be due to differences in evaporative losses at Gross Reservoir versus Leyden Gulch
Reservoir, and the staging of water in Gross Reservoir versus Leyden Gulch Reservoir.
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46.1.2.1 Reservoir Evaporation and Fluctuation

Williams Fork Reservoir

Changes in Williams Fork Reservoir operations, evaporation, contents, and elevations
under Alternative 1c are similar to the Proposed Action with RFFAs with the following
differences. Average and dry year end-of-month contents under Alternative 1c would be
within 100 AF of the Proposed Action with RFFAs. Wet year end-of-month contents
would be within 200 AF of the Proposed Action with RFFAs. There would be minimal to
no change in water elevations between Alternative 1c and the Proposed Action with
RFFAs. Differences in average monthly changes in content between Alternative 1c and the
Proposed Action with RFFAs are within 1%. Accordingly, the differences in reservoir
contents and elevations between Current Conditions (2006) and Alternative 1c are as
described above for the Proposed Action with RFFAs.

Dillon Reservoir

Changes in Dillon Reservoir operations, evaporation, contents, and elevations under
Alternative 1c are similar to the Proposed Action with RFFAs with the following
differences. Average and dry year end-of-month contents under Alternative 1c are up to
500 AF lower than under the Proposed Action with RFFAs. Wet year end-of-month
contents would be within 700 AF of the Proposed Action with RFFAs. This is primarily
due to the fact that average annual Roberts Tunnel diversions would be about 400 AF
higher on average under Alternative 1c than under the Proposed Action with RFFAs. This
is mainly due to higher evaporation losses system-wide with Alternative 1c as compared to
the Proposed Action with RFFAs. Differences in end-of-month water elevations between
Alternatives 1c and the Proposed Action with RFFASs are less than 1 foot. Differences in
average monthly content between Alternative 1c and the Proposed Action with RFFAs are
within 1%. Accordingly, the differences in reservoir contents and elevations between
Current Conditions (2006) and Alternative 1c are as described above for the Proposed
Action with RFFAs.

Wolford Mountain Reservoir

Changes in reservoir operations, evaporation, contents, and elevations under Alternative 1c
are the same as the Proposed Action with RFFAs. Differences relative to Current
Conditions (2006) are the same as described for the Proposed Action with RFFAs.

Gross Reservoir

Under Alternative 1c, Gross Reservoir’s volume would be approximately twice its current
volume. Surface area at normal high water level would increase from approximately 418 to
651 acres. Normal high water level would increase by 75 feet.

From April through November, the annual pattern of fluctuation in level and content would
be similar to that under the Proposed Action with RFFAS, but reservoir levels would be
approximately 50 feet lower than for the Proposed Action with RFFAs. Gross Reservoir
would be at its lowest at the end of April, generally reach its highest levels in late summer,
and be drawn down through the fall and winter. Average monthly contents would be
greatest at the end of July at 72,500 AF and lowest at the end of April at 41,200 AF
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(Table H-1.10). In dry years, monthly contents during summer months would be lower
than average because the reservoir would be drawn on more heavily during a drought.
Whereas, in wet years, monthly contents during summer months would be higher than
average. Monthly average, dry, and wet end-of-month reservoir elevations are shown in
Table H-1.11. The maximum increase and decrease in water elevation (averaged over the
month) for any month over the 45-year study period between Current Conditions (2006)
and Alternative 1c are 113 feet and 38 feet, respectively. Average annual evaporative
losses would be 769 AF compared to 452 AF under Current Conditions (2006), as shown in
Table H-8.1.

Leyden Gulch Reservoir

Leyden Gulch Reservoir, which does not exist currently and is therefore not part of Current
Conditions (2006), would be maintained more or less at capacity except in an extended
drought. Monthly average, dry, and wet end-of-month contents are approximately 28,000
to 31,000 AF or up to 3,000 AF below capacity (Table H-1.22). These averages reflect
drawdowns that would occur in only a few years, which follow the designated five dry
years, as drought persists. Leyden Gulch Reservoir would be completely emptied during
the later stages of the critical period. Monthly average, dry, and wet end-of-month
reservoir elevations are shown in Table H-1.23. Average annual evaporation at Leyden
Gulch Reservoir would be 623 AF, as shown in Table H-8.1.

Antero Reservoir/Eleven Mile Canyon Reservoir/Cheesman Reservoir/Strontia
Springs Reservoir/Chatfield Reservoir

Changes in Denver Water’s South Platte reservoir operations, evaporation, contents, and
elevations under Alternative 1c are similar to the Proposed Action with RFFAS.

4.6.1.2.2 River Segments
Fraser River

Fraser River Stream Flow

Changes in Fraser River stream flow under Alternative 1c are similar to the Proposed
Action with RFFAs with the following minor differences. On average, Moffat Tunnel
diversions would be approximately 200 AF/yr less under Alternative 1c than under the
Proposed Action with RFFAs. Because there is little difference in Moffat Tunnel
diversions under Alternative 1c compared to the Proposed Action with RFFAs, flow
reductions in the Fraser River Basin would be similar to the Proposed Action with RFFAs.
Average and wet year annual flow decreases in the Fraser River would be up to 100 AF and
600 AF less, respectively, under Alternative 1c than under the Proposed Action with
RFFAs. Throughout the basin, differences in average monthly flows between

Alternative 1c and the Proposed Action with RFFAs are within 1 to 2%. Differences in
flows between Alternative 1c and the Proposed Action with RFFAs would primarily occur
in June and July in wet years when Gross Reservoir or Leyden Gulch Reservoir fills.
Differences in flow between these alternatives would not occur in dry years.
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Fraser River Floodplain

Changes in Fraser River flood flows and floodplain extents under Alternative 1c are similar
to the Proposed Action with RFFAs.

Williams Fork River

Williams Fork River Stream Flow

Changes in Williams Fork River flows under Alternative 1c are similar to the Proposed
Action with RFFAs. Average annual Gumlick Tunnel diversions under Alternative 1c are
virtually the same as the Proposed Action with RFFAs (Table H-7.1). As aresult,
reductions in flow downstream of the Gumlick Tunnel and changes in Williams Fork
Reservoir outflow under Alternative 1c are essentially the same as the Proposed Action
with RFFAs.

Williams Fork River Floodplain

Changes in Williams Fork River flood flows and floodplain extents under Alternative 1c
are similar to the Proposed Action with RFFAs.

Colorado River

Colorado River Stream Flow

Changes in Colorado River flows under Alternative 1c are similar to the Proposed Action
with RFFAs with the following minor differences. Average and wet year annual flow
decreases in the Colorado River below the Windy Gap diversion would be about 100 and

500 AF less, respectively, under Alternative 1c than under the Proposed Action with RFFAs.
Average and wet year annual flow decreases in the Colorado River near Kremmling would be
about 200 and 300 AF less, respectively, under Alternative 1c than under the Proposed
Action with RFFAs. At both locations, differences in average monthly flow between
Alternatives 1c and the Proposed Action with RFFAs are within 1%.

Colorado River Floodplain

Changes in Colorado River flood flows and floodplain extents under Alternative 1c are
similar to the Proposed Action with RFFAs.

Muddy Creek

Muddy Creek Stream Flow

Changes in Muddy Creek flows under Alternative 1c are the same as the Proposed Action
with RFFAs.

Muddy Creek Floodplain

Changes in Muddy Creek flood flows and floodplain extents under Alternative 1c are the
same as for the Proposed Action with RFFAs.
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Blue River

Blue River Stream Flow

Changes in Blue River flows under Alternative 1c are similar to the Proposed Action with
RFFAs with the following minor differences. Under Alternative 1c, average annual
Roberts Tunnel diversions are approximately 400 AF higher than the Proposed Action with
RFFAs. As aresult, average annual outflow from Dillon and Green Mountain reservoirs is
approximately 400 AF less under Alternative 1c than the Proposed Action with RFFAs.
Differences in average monthly flow between Alternatives 1c and the Proposed Action with
RFFAs are within 1%.

Blue River Floodplain

Changes in Blue River flood flows and floodplain extents under Alternative 1c are similar
to the Proposed Action with RFFAs.

South Boulder Creek

South Boulder Creek Stream Flow

Changes in South Boulder Creek flows under Alternative 1c are similar to the Proposed
Action with RFFAs with the following differences. Above Gross Reservoir, average and
wet year annual flow increases would be 200 and 300 AF less, respectively, under
Alternative 1c than under the Proposed Action with RFFAs. These flow differences
coincide with differences in Moffat Tunnel diversions between Alternatives 1c and the
Proposed Action with RFFAs. Differences in average monthly flows between
Alternatives 1c and the Proposed Action with RFFAs are less than 1% in this reach.

From Gross Reservoir to the South Boulder Diversion Canal, differences in flow changes
between Alternative 1c and the Proposed Action with RFFAS are greater because of the
timing of water that would be released from Gross Reservoir for delivery to Leyden Guich
Reservoir under Alternative 1c. In general, more water would be released under
Alternative 1c during summer months and less during winter months compared to the
Proposed Action with RFFAs. The following changes in stream flow are based on a
comparison with Current Conditions (2006). In general, under Alternative 1c, flows would
be consistently higher from October through February and April, as water would be moved
out of Gross Reservoir and into Leyden Gulch and Ralston reservoirs. As shown in

Tables H-7.1 through H-7.3, average, dry year and wet year annual outflow from Gross
Reservoir would increase by 12,400 AF or 11%, 17,000 AF or 20%, and 18,500 AF or
17%, respectively, compared to Current Conditions (2006). Table H-1.66 summarizes
average monthly outflow from Gross Reservoir for average, dry, and wet conditions.
Monthly average flow changes would range from a decrease of 45.2 cfs or 16% in May to
an increase of 84.0 cfs or 825% in January. Monthly dry year average flow changes would
range from a decrease of 52.7 cfs or 22% in July to an increase of 84.0 cfs or 1,069% in
January. Monthly wet year average flow changes would range from a decrease of 47.0 cfs
or 22% in May to an increase of 84.6 cfs or 688% in January.

Changes in South Boulder Creek stream flow below the South Boulder Diversion Canal
under Alternative 1c are the same as the Proposed Action with RFFAs.
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South Boulder Creek Floodplain

Above Gross Reservoir, annual peak flows are nearly exactly the same as the Proposed
Action with RFFAs, indicating there would be no difference in floodplain size under
Alternative 1c. Below Gross Reservoir, annual peak flows would be higher for recurrence
intervals at or above 2.7 years, compared to Current Conditions (2006), by a few percentage
points. Below this threshold, annual peaks are smaller for Alternative 1c than for Current
Conditions (2006). The differences for recurrence intervals above 2.7 years would be due
to operations which move water from Gross Reservoir to Leyden Gulch Reservoir.

Changes to the floodplain extents under Alternative 1¢c would be minor.

North Fork South Platte River

North Fork South Platte River Stream Flow

Changes in the North Fork South Platte River flows under Alternative 1c are similar to the
Proposed Action with RFFAs with the following minor differences. Under Alternative 1c,
average annual Roberts Tunnel diversions are approximately 400 AF higher than the
Proposed Action with RFFAs. As a result, average annual flow in the North Fork South
Platte River is approximately 400 AF more than the Proposed Action with RFFAs.
Differences in average monthly flows between Alternatives 1c and the Proposed Action
with RFFAs are within 1%.

North Fork South Platte River Floodplain

Changes in North Fork South Platte River flood flows and floodplain extents under
Alternative 1c are similar to the Proposed Action with RFFAs.

South Platte River

South Platte River Stream Flow

Changes in South Platte River flows under Alternative 1c are similar to the Proposed
Action with RFFAs with the following minor differences. Average, dry, and wet year
annual flow changes along the South Platte River would differ by up to about 400 AF
compared to the Proposed Action with RFFAs. Differences in average monthly flows
between Alternatives 1c and the Proposed Action with RFFASs are within 1%.

South Platte River Floodplain

Changes in South Platte River flood flows and floodplain extents under Alternative 1c are
similar to the Proposed Action with RFFAs.

4.6.1.3  Alternative 8a with Reasonably Foreseeable Future Actions

Under Alternative 8a, Gross Reservoir would be expanded to approximately 93,811 AF in
order to provide an additional 52,000 AF of storage. In addition, approximately 5,000 AF
of gravel pit storage would be added along the South Platte River. The water source for the
enlarged Gross Reservoir would be the same as the Proposed Action with RFFAs. The
gravel pits would be supplied with reusable return flows diverted from the South Platte
River below the Metro WWTP. Diversions would be made from the South Platte River to
the gravel pit lakes to the extent that reusable effluent is available and storage space exists
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in the gravel pit lakes. Water stored in the gravel pit lakes would generally be used for
supply in dry years. In years when the stored water is not used, water would be diverted
into the pits to replace evaporative losses.

Because the volume of new storage at Gross Reservoir is 20,000 AF less than the Proposed
Action with RFFAs, additional diversions from the Moffat Collection System would be less
under Alternative 8a. However, changes in surface water hydrology would still be similar
to the Proposed Action with RFFAs because of the manner in which Denver Water would
use their additional supplies at Gross Reservoir and the gravel pits. In general, the majority
of “new” water diverted to Gross Reservoir would be kept in storage until a drought occurs.
The additional water at Gross Reservoir would typically only be used during a drought.
Reusable water would be pumped back to the Moffat Collection System infrequently and
only as needed to supplement Denver Water’s Moffat supplies.

46.1.3.1 Reservoir Evaporation and Fluctuation

Williams Fork Reservoir

Changes in Williams Fork Reservoir operations, evaporation, contents, and elevations
under Alternative 8a are similar to the Proposed Action with RFFAs with the following
differences. Under Alternative 8a, the increase in Gumlick Tunnel diversions would be
smaller on average than the increase under the Proposed Action with RFFAs because there
is 20,000 AF less new storage at Gross Reservoir. Average annual Gumlick Tunnel
diversions under Alternative 8a are approximately 280 AF less than they would be under
the Proposed Action with RFFAs. There is a corresponding difference in Williams Fork
Reservoir’s contents: they would generally be higher under Alternative 8a than Current
Conditions (2006), with average monthly differences ranging from 700 to 4,400 AF
(compared with differences ranging from 500 to 4,200 AF under the Proposed Action with
RFFASs). Dry year contents would be virtually the same as for the Proposed Action with
RFFAs, and wet year contents would be 80 to 90 AF higher in the winter when the reservoir
is slightly drawn down, but equivalent in the summer when the reservoir is full or close to
full. Average monthly differences in surface elevation between Alternatives 8a and the
Proposed Action with RFFAs would be less than 1 foot. Differences in average monthly
content between Alternatives 8a and the Proposed Action with RFFAs are within 1%.

Dillon Reservoir

Changes in Dillon Reservoir operations, evaporation, contents, and elevations under
Alternative 8a would be similar to the Proposed Action with RFFAs with the following
differences. Differences between Dillon Reservoir contents for Alternative 8a and Current
Conditions (2006) are similar to differences between the Proposed Action with RFFAs and
Current Conditions (2006) in dry years; however, average and wet year end-of-month
contents under Alternative 8a are up to 600 and 1,800 AF higher, respectively, than under
the Proposed Action with RFFAs. Dillon Reservoir contents would be higher under
Alternative 8a on average because Roberts Tunnel diversions would be about 500 AF/yr
less on average under Alternative 8a than under the Proposed Action with RFFAs. Roberts
Tunnel diversions would be less under Alternative 8a because some of Denver Water’s
additional demand would be directly met by reusable water pumped from the gravel pits.
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Differences in end-of-month water elevations between Alternatives 8a and the Proposed
Action with RFFAs are less than 1 foot. The maximum increase and decrease in reservoir
elevation (averaged over the month) for any month over the 45-year study period between
Current Conditions (2006) and Alternative 8a are 13 feet and 37 feet, respectively.
Differences in average monthly content between Alternatives 8a and the Proposed Action
with RFFAs are within 1%.

Wolford Mountain Reservoir

Changes in reservoir operations, evaporation, contents, and water elevations under
Alternative 8a are the same as the Proposed Action with RFFAs.

Gross Reservoir

Under Alternative 8a, Gross Reservoir’s volume would be a little more than twice its
volume as compared to Current Conditions (2006). Surface area at normal high water level
would be approximately 712 acres, compared with 418 acres under Current Conditions
(2006) and normal high water level would increase by approximately 92 feet.

From April through November, the annual pattern of fluctuation in level and content would
be similar to that under the Proposed Action with RFFAS, but reservoir levels would be
approximately 30 feet lower than for the Proposed Action with RFFAs. Gross Reservoir
would be at its lowest at the end of April, generally reach its highest levels in late summer,
and be drawn down through the fall and winter. Average monthly contents would be
greatest at the end of June at 84,700 AF and lowest at the end of April at 52,400 AF

(Table H-1.10). In dry years, monthly contents during summer months would be lower
than average because the reservoir would be drawn on more heavily during a drought.
Whereas, in wet years, monthly contents during summer months would be higher than
average. Monthly average, dry, and wet end-of-month water elevations are shown in

Table H-1.11. The maximum increase and decrease in water elevation (averaged over the
month) for any month over the 45-year study period between Current Conditions (2006)
and this alternative is 130 feet and 27 feet, respectively. Average annual evaporative losses
would be 858 AF compared to 991 AF under the Proposed Action with RFFAs and 452 AF
under Current Conditions (2006), as shown in Table H-8.1.

Antero Reservoir/Eleven Mile Canyon Reservoir/Cheesman Reservoir/Strontia
Springs Reservoir/Chatfield Reservoir

Changes in Denver Water’s South Platte reservoir operations, evaporation, contents, and
water elevations under Alternative 8a are similar to the Proposed Action with RFFAs.

Gravel Pit Storage

Alternative 8a includes approximately 5,000 AF of storage capacity in reclaimed gravel pits
adjacent to the South Platte River. The pits would typically fill with reusable effluent from
November through April when unused reusable effluent is available. The gravel pits would
generally only be depleted in advanced stages of a drought. Maximum end-of-month
contents under Alternative 8a would be 4,000 AF in average years, 4,600 AF in dry years,
and 3,800 AF in wet years (Table H-1.25). The change in average end-of-month water
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elevation across the year is 14 feet (Table H-1.26). Average annual evaporative losses
would be 886 AF, as shown in Table H-8.1.

In wet years, there would be less reusable effluent available because less water would be
imported from the Blue River. Accordingly, average wet year contents would be lower
than average contents from October through May, and slightly higher from June through
September. Wet year contents are lower than average during the winter months because
less reusable effluent is available for storage and higher than average in summer months
because reusable effluent would only be used during droughts.

Average dry year contents of the pits are higher than average for all months except
September. Dry year contents are higher than average because the five designated dry
years do not coincide with later stages of droughts when water is typically released from the
gravel pits for delivery to the Moffat Collection System delivery point.

4.6.1.3.2 River Segments

In general, flow changes under Alternative 8a would be very similar to the Proposed Action
with RFFAs. For example, average annual flow decreases below Denver Water’s diversion
points in the Fraser and Williams Fork river basins would generally be about 100 AF less
than under the Proposed Action with RFFAs. Similarly, differences in monthly average
flow decreases would be less than 1 cfs in those river basins.

Fraser River

Fraser River Stream Flow

Because the amount of new storage (52,000 AF) added in the Moffat Collection System is
20,000 AF less under Alternative 8a than the Proposed Action with RFFAs, Moffat Tunnel
diversions and reductions in Fraser River stream flow would be less under Alternative 8a.
On average, Moffat Tunnel diversions would be approximately 1,100 AF/yr less under
Alternative 8a than under the Proposed Action with RFFASs, which is a difference of about
1.5%. Moffat Tunnel diversions are less because a portion of the firm yield that would
otherwise be provided by an enlargement of Gross Reservoir under the Proposed Action
with RFFAs is provided by reusable supplies and gravel pit storage along the South Platte
River under Alternative 8a.

Because there is relatively little difference in Moffat Tunnel diversions under Alternative 8a
compared to the Proposed Action with RFFAs, flow reductions in the Fraser River Basin
would be similar to the Proposed Action with RFFAs. The difference in average monthly
flows between Alternative 8a and the Proposed Action with RFFAs is generally less than

1 cfs on tributaries to the Fraser River mainstem. The maximum difference in average
monthly flows between Alternative 8a and the Proposed Action with RFFAS is 6.7 cfs in
July on the Fraser River mainstem below the confluence with Crooked Creek. Flows in the
Fraser River Basin under Alternative 8a are higher on average compared to the Proposed
Action with RFFAs because Moffat Tunnel diversions would be less. Differences in flows
between Alternative 8a and the Proposed Action with RFFAs would primarily occur in June
and July in wet years when Gross Reservoir fills. Differences in flow between

Alternative 8a and the Proposed Action with RFFAs would not occur in dry years.
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Fraser River Floodplain

Changes in Fraser River flood flows and floodplain extents under Alternative 8a are similar
to the Proposed Action with RFFAs.

Williams Fork River

Williams Fork River Stream Flow

Because the amount of new storage (52,000 AF) added in the Moffat Collection System is
20,000 AF less under Alternative 8a than the Proposed Action with RFFAs, Gumlick
Tunnel diversions and reductions in Williams Fork River stream flow would be less under
Alternative 8a. On average, Gumlick Tunnel diversions would be approximately 280 AF/yr
less under Alternative 8a than under the Proposed Action with RFFAs.

Because there is little difference in Gumlick Tunnel diversions under Alternative 8a
compared to the Proposed Action with RFFAs, flow reductions in the Williams Fork River
Basin would be similar to the Proposed Action with RFFAs. The difference in average
monthly flows between Alternative 8a and the Proposed Action with RFFAs is less than

1 cfs on all the upper tributaries to Williams Fork River. The maximum difference in
average monthly flows between Alternative 8a and the Proposed Action with RFFAS is
3.7 cfs in July below Williams Fork Reservoir. Flows in the Williams Fork River Basin
under Alternative 8a are higher on average compared to the Proposed Action with RFFAS
because Gumlick Tunnel diversions would be less.

Williams Fork River Floodplain

Changes in Williams Fork River flood flows and floodplain extents under Alternative 8a
are similar to the Proposed Action with RFFAs.

Colorado River

Colorado River Stream Flow

The amount of new storage (52,000 AF) added in the Moffat Collection System is

20,000 AF less under Alternative 8a than the Proposed Action with RFFAS; therefore,
reductions in Colorado River flows would be less under Alternative 8a primarily because
additional Gumlick Tunnel and Moffat Tunnel diversions would be less. The maximum
difference in average monthly flows between Alternative 8a and the Proposed Action with
RFFAs is 11.7 cfs in July at the Colorado River near Kremmling gage, which is a difference
of less than 1%.

Colorado River Floodplain

Changes in Colorado River flood flows and floodplain extents under Alternative 8a are
similar to the Proposed Action with RFFAs.

Muddy Creek

Muddy Creek Stream Flow

Changes in Muddy Creek stream flow under Alternative 8a are the same as the Proposed
Action with RFFAs.
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Muddy Creek Floodplain

Changes in Muddy Creek flood flows and floodplain extents under Alternative 8a are
similar to the Proposed Action with RFFAs.

Blue River

Blue River Stream Flow

Changes in Blue River stream flow under Alternative 8a are similar to the Proposed Action
with RFFAs with the following differences. Under Alternative 8a, average annual Roberts
Tunnel diversions are approximately 500 AF less than the Proposed Action with RFFAs
because under Alternative 8a some of the demand is met from reusable water. As a result,
average annual outflow from Dillon and Green Mountain reservoirs is approximately

500 AF higher under Alternative 8a than the Proposed Action with RFFAs. Differences in
average monthly flow between Alternatives 8a and the Proposed Action with RFFAS are
within 1%.

Blue River Floodplain

Changes in Blue River flood flows and floodplain extents under Alternative 8a are similar
to the Proposed Action with RFFAs.

South Boulder Creek

South Boulder Creek Stream Flow

Increases in South Boulder Creek flows would be less under Alternative 8a because
additional Moffat Tunnel diversions would be less than under the Proposed Action with
RFFAs. Differences in South Boulder Creek flow increases between Alternatives 8a and
the Proposed Action with RFFAs correspond with differences in Moffat Tunnel diversions.
On average, Moffat Tunnel diversions would be approximately 1,100 AF/yr less under
Alternative 8a than under the Proposed Action with RFFAs. As a result, average annual
flows at the South Boulder Creek at Pinecliffe gage would be about 1,100 less under
Alternative 8a compared to the Proposed Action with RFFAsS.

Because there is little difference in Moffat Tunnel diversions under Alternative 8a
compared to the Proposed Action with RFFAS, flow increases in the South Boulder Creek
Basin would be similar to the Proposed Action with RFFAs. The maximum difference in
average monthly flows between Alternative 8a and the Proposed Action with RFFAS is

9.0 cfs in July at the South Boulder at Pinecliffe gage. Flows in South Boulder Creek under
Alternative 8a are slightly lower on average compared to the Proposed Action with RFFAs.
Differences in flows between Alternative 8a and the Proposed Action with RFFAs would
primarily occur in June and July in wet years when Gross Reservoir fills. Differences in
flow between Alternative 8a and the Proposed Action with RFFAs would be minimal in dry
years and only occur in the reach between Gross Reservoir and the South Boulder
Diversion Canal.

South Boulder Creek Floodplain

Above Gross Reservoir, annual peak flows are nearly exactly the same as under the
Proposed Action with RFFAs indicating there would be no difference in floodplain size
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under Alternative 8a, compared to Current Conditions (2006). Below Gross Reservoir,
changes in South Boulder Creek flood flows and floodplain extents under Alternative 8a are
similar to the Proposed Action with RFFAS, however, the reduction in annual flood flows is
slightly smaller than under the Proposed Action with RFFAs because this alternative
includes a smaller enlargement of Gross Reservoir.

North Fork South Platte River

North Fork South Platte River Stream Flow

Changes in North Fork South Platte River flows under Alternative 8a are similar to the
Proposed Action with RFFAs with the following minor differences. Under Alternative 8a,
average annual Roberts Tunnel diversions are approximately 500 AF less than the Proposed
Action with RFFAs. As a result, average annual flow in the North Fork South Platte River
is approximately 500 AF less than the Proposed Action with RFFAs. Differences in
average monthly flow between Alternatives 8a and the Proposed Action with RFFAS are
within 1%.

North Fork South Platte River Floodplain

Changes in North Fork South Platte River flood flows and floodplain extents under
Alternative 8a are similar to the Proposed Action with RFFAs.

South Platte River

South Platte River Stream Flow

Changes in South Platte River stream flow under Alternative 8a are similar to the Proposed
Action with RFFAs with the following minor differences. Average, dry, and wet year
annual flow changes along the South Platte River would differ by up to about 100 AF
compared to the Proposed Action with RFFAs at all locations of interest except below the
Metro WWTP.

For the reach below the Metro WWTP, flows are less under Alternative 8a than the
Proposed Action with RFFAS because reusable effluent would be diverted for storage in
gravel pits. Average annual diversions of reusable effluent to gravel pit storage would be
2,390 AF under Alternative 8a. Average annual flow reductions at the Henderson gage
would be 1,600 AF more under Alternative 8a than the Proposed Action with RFFAs. The
difference in the average annual flow reduction at Henderson between Alternative 8a and
the Proposed Action with RFFAs does not coincide exactly with the average annual
diversions of reusable effluent under Alternative 8a because of differences in the amount
pumped by the Metro WWTP pumps.

As shown in Tables H-7.1 through H-7.3, annual flows at the Henderson gage would
decrease by 3,900 AF or 1% on average, increase by 4,800 AF or 4% in dry years, and
decrease by 9,800 AF or 2% in wet years. Table H-1.75 summarizes average monthly
flows at the South Platte River at Henderson gage for average, dry, and wet conditions.
Monthly average flows would decrease up to 59.6 cfs or 20% in April and increase up to
20.4 cfs or 8% in November. In dry years, monthly average flows would decrease up to
3.5 cfs or 1% in June and increase up to 17.5 cfs or 8% in August. In wet years, monthly
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average flows would decrease up to 196.4 cfs or 21% in April and increase up to 41.1 cfs or
3% in July.
South Platte River Floodplain

Changes in South Platte River flood flows and floodplain extents under Alternative 8a are
similar to the Proposed Action with RFFAs.

4.6.1.4  Alternative 10a with Reasonably Foreseeable Future Actions

Under Alternative 10a, Gross Reservoir would be expanded to approximately 93,811 AF in
order to provide an additional 52,000 AF of storage. This is the same expansion scenario as
Alternative 8a. The water source for the enlarged Gross Reservoir would be the same as
the Proposed Action and Alternative 8a with RFFAS. In addition, approximately 20,000 AF
of storage would be developed in the Denver Basin aquifers with an aquifer storage and
recovery (ASR) system. The water source for the Denver Basin ASR system would be
treated reusable return flow from the Denver Water Recycling Plant.

46.1.4.1 Reservoir Evaporation and Fluctuation

Changes in reservoir operations, evaporation, contents, and water elevations under
Alternative 10a are similar to Alternative 8a.

4.6.1.4.2 Reservoirs and River Segments

Stream Flow

There is no difference between Alternatives 10a and 8a in the amount of additional storage
at Gross Reservoir. In addition, there is little difference in the timing and quantity of
diversions of reusable effluent and the manner in which Denver Water would integrate use
of their reusable supplies under Alternatives 10a and 8a. The primary difference between
Alternatives 8a and 10a is the location of storage for reusable supplies. Under

Alternative 8a, reusable supplies would be stored in gravel pits adjacent to the South Platte
River, whereas under Alternative 10a, reusable effluent would be stored in the Denver
Basin aquifer via injection wells. The difference in location where reusable effluent would
be stored prior to delivery to the Moffat Collection System results in almost no difference
in reservoir contents and elevations, and stream flows between Alternatives 10a and 8a
throughout the Colorado and South Platte river basins downstream to the Metro WWTP.
There is a slight difference in the amount of reusable effluent diverted because the gravel
pits included in Alternative 8a would experience evaporative losses, whereas, there would
be no evaporative losses associated with reusable effluent stored in the Denver Basin
aquifer. As a result, average annual diversions of reusable effluent are approximately

850 AF less under Alternative 10a (2,389 AF under Alternative 8a versus 1,540 AF under
Alternative 10a). Because diversions of reusable effluent are less, the amount of reusable
effluent in the South Platte River below the Metro WWTP is higher under Alternative 10a
than 8a. As a result, the average annual flow at the South Platte River at Henderson gage is
approximately 282,700 AF under Alternative 10a, which is approximately 600 AF higher
than under Alternative 8a. Otherwise, differences in average, dry, and wet year average
annual flows between Alternatives 10a and 8a are less than 100 to 200 AF at all other
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locations of interest. Therefore, the discussion of surface water impacts associated with
Alternative 8a in Section 4.6.1.3 also applies to Alternative 10a.

Floodplain

Changes in flood flows and floodplain extents under Alternative 10a are the same as
Alternative 8a, which are also similar to the Proposed Action with RFFAs.

4.6.1.5 Alternative 13a with Reasonably Foreseeable Future Actions

Under Alternative 13a, Gross Reservoir would be expanded to approximately 101,811 AF
in order to provide an additional 60,000 AF of storage. In addition, approximately

3,625 AF of gravel pit storage would be added along the South Platte River. The water
source for the enlarged Gross Reservoir would be the same as the Proposed Action with
RFFAs. The gravel pits would be supplied with transferred agricultural water rights
diverted from the South Platte River. Diversions would be made from the South Platte
River to the gravel pit lakes to the extent that water is available under the transferred water
rights and storage space exists in the gravel pit lakes. Water stored in the gravel pit lakes
would generally be used for supply in dry years. In years when the stored water is not used,
water would be diverted into the pits to replace evaporative losses.

Alternative 13a is most similar to Alternative 8a. The volume of new storage at Gross
Reservoir is 8,000 AF more than Alternative 8a; therefore, diversions from the Moffat
Collection System would be slightly higher under Alternative 13a. However, changes in
surface water hydrology would still be similar to Alternative 8a because of the manner in
which Denver Water would use their additional supplies at Gross Reservoir and the gravel
pits. In general, the majority of “new” water diverted to Gross Reservoir would be kept in
storage until a drought occurs. The additional water at Gross Reservoir would typically
only be used during a drought. Water would be pumped back to the Moffat Collection
System from the gravel pits infrequently and only as needed to supplement Denver Water’s
Moffat supplies.

Unlike Alternative 8a, this alternative would require the conversion of agricultural water
rights to municipal or other non-irrigation uses. Therefore, impacts to removal of return
flows from irrigated lands may affect water quality and quantity.

46.1.5.1 Reservoir Evaporation and Fluctuation

Williams Fork Reservoir

Changes in Williams Fork Reservoir operations, evaporation, contents, and elevations
under Alternative 13a are similar to the Proposed Action with RFFAs. Average, dry year,
and wet year average end-of-month contents under Alternative 13a would be within 500 AF
of the Proposed Action with RFFAs. There would be minimal to no change in water
elevations between Alternatives 13a and the Proposed Action with RFFAs. Differences in
average monthly content between Alternatives 13a and the Proposed Action with RFFAs
are within 1%.
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Dillon Reservoir

Changes in Dillon Reservoir operations, evaporation, contents, and elevations under
Alternative 13a are similar to the Proposed Action with RFFAs with the following
differences. Average, dry year and wet year average end-of-month contents under
Alternative 13a are up to 1,170 AF higher than under the Proposed Action with RFFAS
because Roberts Tunnel diversions are lower on average under Alternative 13a than under
the Proposed Action with RFFAs. Differences in end-of-month reservoir elevations
between Alternative 13a and the Proposed Action with RFFAs are less than 1 foot.
Differences in average monthly content between Alternative 13a and the Proposed Action
with RFFAS are within 1%.

Wolford Mountain Reservoir

Changes in reservoir operations, evaporation, contents, and elevations under Alternative
13a are the same as the Proposed Action with RFFAs.

Gross Reservoir

Under Alternative 13a, Gross Reservoir’s volume would be approximately 102,000 AF, or
two and a half times its current volume. The surface area at normal high water level would
be approximately 755 acres, compared with 418 acres and normal high water level would
increase by approximately 103 feet.

From April through November, the annual pattern of fluctuation in level and content would
be similar to the Proposed Action with RFFAs, but reservoir levels would be approximately
20 feet lower than for the Proposed Action with RFFAs. Average monthly contents would
be greatest at the end of July at 91,800 AF and lowest at the end of April at 59,100 AF
(Table H-1.10). Indry years, monthly contents during summer months would be lower
than average because the reservoir would be drawn on more heavily during a drought.
Whereas, in wet years, monthly contents during summer months would be higher than
average. Monthly average, dry, and wet end-of-month water elevations are shown in

Table H-1.11. The maximum increase and decrease in water elevation (averaged over the
month) for any month over the 45-year study period between Current Conditions (2006)
and this alternative are 143 feet and 26 feet, respectively. Average annual evaporative
losses would be 912 AF compared to 452 AF under Current Conditions (2006), as shown in
Table H-8.1.

Antero Reservoir/Eleven Mile Canyon Reservoir/Cheesman Reservoir/Strontia
Springs Reservoir/Chatfield Reservoir

Changes in reservoir operations, evaporation, contents, and elevations under
Alternative 13a are almost the same as the Proposed Action with RFFAs.

Gravel Pit Storage

Alternative 13a includes approximately 3,625 AF of storage capacity in reclaimed gravel
pits adjacent to the South Platte River. The pits would typically fill with agricultural water
supplies during the summer months when it is available. The gravel pits would generally
only be depleted in advanced stages of a drought. Maximum end-of-month contents under
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Alternative 13a would be 2,700 AF in average years and 3,000 AF in dry and wet years
(Table H-1.25). The change in average end-of-month surface elevation across the year is
3 feet (Table H-1.26). Average annual evaporative losses would be 656 AF, as shown in
Table H-8.1.

4.6.1.5.2 River Segments
Fraser River

Fraser River Stream Flow

Changes in surface water hydrology would still be similar to the Proposed Action with
RFFAs because of the manner in which Denver Water would use their additional supplies at
Gross Reservoir and the gravel pits.

On average, Moffat Tunnel diversions would be approximately 500 AF/yr lower under
Alternative 13a than under the Proposed Action with RFFAs. The differences in flow
changes in the Fraser River Basin under Alternative 13a are commensurate with the
changes in Fraser River diversions through the Moffat Tunnel. Average and wet year
average annual flow decreases in the Fraser River would be up to 300 AF and 200 AF less,
respectively, under Alternative 13a than under the Proposed Action with RFFAS.
Throughout the basin, differences in average monthly flows between Alternative 13a and
the Proposed Action with RFFAS are less than 4 cfs.

Fraser River Floodplain

Changes in Fraser River flood flows and floodplain extents under Alternative 13a are
similar to the Proposed Action with RFFAs.

Williams Fork River

Williams Fork River Stream Flow

On average, Gumlick Tunnel diversions would be approximately 100 AF/yr lower under
Alternative 13a than under the Proposed Action with RFFAs. The differences in flow
changes in the Williams Fork River Basin under Alternative 13a are commensurate with the
changes in Gumlick Tunnel diversions. Average and wet year annual flow decreases in the
Williams Fork River would be up to 100 AF less under Alternative 13a than the Proposed
Action with RFFAs. Throughout the basin, differences in average monthly flows between
Alternative 13a and the Proposed Action with RFFAs are less than 5 cfs.

Williams Fork River Floodplain

Changes in Williams Fork River flood flows and floodplain extents under Alternative 13a
are similar to the Proposed Action with RFFAs in the upper basin. Below Williams Fork
Reservoir, flow increases from Current Conditions (2006) to Alternative 13a are similar to
the increases from Current Conditions (2006) to the Proposed Action with RFFAs, for
recurrence intervals above 6 years. For recurrence intervals between 2.4 and 6 years,
annual peaks are also greater under Alternative 13a than Current Conditions (2006), but
these differences are smaller than for the Proposed Action with RFFAs.
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Colorado River

Colorado River Stream Flow

Changes in Colorado River stream flow under Alternative 13a are similar to the Proposed
Action with RFFAs. Average and wet year annual flow decreases in the Colorado River
below the Windy Gap diversion would be about 400 AF and 1,200 AF less, respectively,
under Alternative 13a than under the Proposed Action with RFFAs. Average and wet year
annual flow decreases in the Colorado River near Kremmling would be about 800 AF and
2,300 AF less, respectively, under Alternative 13a than under the Proposed Action with
RFFAs. At both locations, differences in average, wet and dry monthly average flows
between Alternative 13a and the Proposed Action with RFFASs are less than 30 cfs.

Colorado River Floodplain

Changes in Colorado River flood flows and floodplain extents under Alternative 13a are
similar to the Proposed Action with RFFAs.

Muddy Creek

Muddy Creek Stream Flow

Changes in Muddy Creek flows under Alternative 13a are the same as the Proposed Action
with RFFAs.

Muddy Creek Floodplain

Changes in Muddy Creek flood flows and floodplain extents under Alternative 13a are the
same as for the Proposed Action with RFFAs.

Blue River

Blue River Stream Flow

Changes in Blue River flows under Alternative 13a are similar to the Proposed Action with
RFFAs with the following differences. Under Alternative 13a, average annual

Roberts Tunnel diversions are approximately 300 AF less than under the Proposed Action
with RFFAs. As a result, average annual outflow from Dillon and Green Mountain
reservoirs is approximately 300 AF more under Alternative 13a than the Proposed Action
with RFFAs. Differences in average monthly flows between Alternative 13a and the
Proposed Action with RFFAs are less than 4 cfs.

Blue River Floodplain

Changes in Blue River flood flows and floodplain extents under Alternative 13a are similar
to the Proposed Action with RFFAs.

South Boulder Creek

South Boulder Creek Stream Flow

Changes in South Boulder Creek flows under Alternative 13a are similar to the Proposed
Action with RFFAs with the following differences. Above Gross Reservoir, average and
wet year annual flow increases would be 500 AF and 200 AF less, respectively, under
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Alternative 13a than under the Proposed Action with RFFAs. Flow differences coincide
with differences in Moffat Tunnel diversions between Alternative 13a and the Proposed
Action with RFFAs. Differences in average monthly flow between Alternatives 13a and
the Proposed Action with RFFAs are less than 5 cfs.

From Gross Reservoir to the South Boulder Diversion Canal, changes in flow between
Alternatives 13a and the Proposed Action with RFFAs reflect Gross Reservoir operations.
The annual pattern of reservoir releases would be similar to that under the Proposed Action
with RFFAs. Average and wet year annual flow changes would be 400 AF less and 200 AF
more, respectively, under Alternative 13a than under the Proposed Action with RFFAs.
Differences in average monthly flows between Alternatives 13a and the Proposed Action
with RFFAs are less than 2 cfs.

Changes in South Boulder Creek flows below the South Boulder Diversion Canal under
Alternative 13a are virtually the same as the Proposed Action with RFFAs.

South Boulder Creek Floodplain

Changes in South Boulder Creek flood flows and floodplain extents under Alternative 13a
are similar to the Proposed Action with RFFAs. Above Gross Reservoir, annual peak flows
are nearly exactly the same as under the Proposed Action with RFFAS, meaning there
would be no difference in floodplain size under Alternative 13a compared to Current
Conditions (2006). Below Gross Reservoir, changes in South Boulder Creek flood flows
and floodplain extents under Alternative 13a are similar to the Proposed Action with
RFFAs with this difference; because this alternative includes a smaller enlargement of
Gross Reservoir, the reduction in annual flood flows is generally slightly smaller than under
the Proposed Action with RFFAs.

North Fork South Platte River

North Fork South Platte River Stream Flow

Changes in the North Fork South Platte River stream flow under Alternative 13a are similar
to the Proposed Action with RFFAs with the following differences. The differences in flow
changes in the North Fork South Platte River under Alternative 13a compared to the
Proposed Action with RFFAs are commensurate with additional diversions through the
Roberts Tunnel. Under Alternative 13a, average annual Roberts Tunnel diversions would
be approximately 300 AF less than the Proposed Action with RFFAs. As a result, average
annual flows in the North Fork South Platte River would be approximately 300 AF less
than the Proposed Action with RFFAs. Differences in average monthly flows between
Alternative 13a and the Proposed Action with RFFAs are less than 2 cfs.

North Fork South Platte River Floodplain

Changes in North Fork South Platte River flood flows and floodplain extents under
Alternative 13a are similar to the Proposed Action with RFFAs.
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South Platte River

South Platte River Stream Flow

Changes in South Platte River stream flow under Alternative 13a are similar to the
Proposed Action with RFFAs with the following differences. Average, dry, and wet year
annual flow changes along the South Platte River would differ by up to about 200 AF
compared to the Proposed Action with RFFAs at all locations of interest except below the
Metro WWTP. Differences in average monthly flow between Alternative 13a and the
Proposed Action with RFFASs are less than 2 cfs above the Metro WWTP.

Flows at the Henderson gage would increase on average in all months except April, May
and June compared to Current Conditions (2006). As shown in Tables H-7.1 through
H-7.3, annual flows at the Henderson gage would decrease by 950 AF or less than 1% on
average, increase 7,600 AF or 6% in dry years, and decrease 5,300 AF or 1% in wet years.
Monthly average flows would decrease up to 54.3 cfs or 18% in April and increase up to
24.7 cfs or 10% in January. In dry years, monthly average flows would increase up to
22.0 cfs or 11% in August. In wet years, monthly average would decrease up to 179.9 cfs
or 19% in April and increase up to 54.7 cfs or 4% in July.

South Platte River Floodplain

Changes in South Platte River flood flows and floodplain extents under Alternative 13a are
similar to the Proposed Action with RFFAs.

4.6.1.6  No Action Alternative with Reasonably Foreseeable Future Actions

Under the No Action Alternative with RFFAs, Denver Water would continue to operate
their existing system. When full utilization of their system occurs, Denver Water’s
available water supply would equal their customer demand, while maintaining a 30,000-AF
Strategic Water Reserve (i.e., Safety Factor). While the action alternatives would meet an
additional 18,000 AF/yr of demand, the No Action Alternative would have to rely on some
combination of utilizing the Strategic Water Reserve and imposing more frequent
mandatory restrictions to meet additional demands during drought sequences.

It is not possible to quantitatively predict when or to what degree Denver Water would
negotiate a balance of depleting the Strategic Water Reserve versus imposing mandatory
restrictions. To evaluate this scenario, first a quantitative analysis using PACSM output
was made to evaluate depletions of the Strategic Water Reserve, and then a qualitative
analysis was made of a combination of using both the Strategic Water Reserve and
imposing mandatory restrictions.

4.6.1.6.1 Depletion of Strategic Water Reserve Strategy

To determine hydrologic changes as a result of the No Action Alternative with RFFAs, use
of the Strategic Water Reserve Strategy was portrayed using PACSM to provide the
hydrology needed to compare the No Action Alternative with the action alternatives. In
general, use of the Strategic Water Reserve creates greater hydrologic impacts than would
occur if some level of restrictions were also imposed. The following sections describe in
detail the hydrologic impacts of using the Strategic Water Reserve.
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As described below, the No Action Alternative (Depleting the Strategic Water Reserve, no
restrictions) would result in the following:

e Shortages in meeting both treated and raw water customer demands
e Depletion of the Strategic Water Reserve in droughts
e Frequent drawdown of Gross Reservoir to the minimum pool level

e Increased overall system vulnerability, reduced water supply reliability, and reduced
operational flexibility

e Reduced flexibility to react to droughts and emergencies

4.6.1.6.2 Reservoir Evaporation and Fluctuation

Under the No Action Alternative, Denver Water must rely on their Strategic Water Reserve
to try to meet their demand during droughts. During the 45-year study period Denver
Water would need to use their Strategic Reserve in 4 years. In those years, system wide
storage (active capacity in Antero, Eleven Mile Canyon, Cheesman, Dillon, and Gross
reservoirs) would be less than 120,000 AF and would be drawn down to a minimum of
approximately 68,400 AF by the end of the critical period. These figures are based on not
imposing mandatory restrictions during a drought. Denver Water’s raw water and treated
customers would also experience shortages. The maximum shortages to raw water and
treated demands would occur during the critical period. Based on trying to meet an
unconstrained demand, Denver Water’s raw water customers would be short by
approximately 9,600 AF and treated water demands would be short by approximately

500 AF during the critical period.

The hydrologic changes described in the following sections are based on a comparison of
the Current Conditions (2006) scenario and the No Action Alternative.

Williams Fork Reservoir

Williams Fork Reservoir contents would be higher on average under No Action than under
Current Conditions (2006), primarily because of changes due to RFFAs, namely expiration
of the Big Lake Ditch lease and assignment of 10,825 Water releases to other reservoirs.
Reservoir contents under No Action are also slightly greater on average than under the
Proposed Action with RFFAs, because Gumlick Tunnel diversions are less due to limited
East Slope storage. Water that would otherwise be exported under the Proposed Action
with RFFAs is stored in Williams Fork Reservoir.

Differences in average end-of-month content for the No Action Alternative compared to
Current Conditions (2006) would range from 1,400 AF in May to 4,900 AF in September.
The greatest difference in average end-of-month water elevation is an increase of
approximately 4 feet. In dry years, Williams Fork Reservoir’s contents are greater under
the No Action Alternative than Current Conditions (2006) in every month. Differences
range from 3,200 AF (September) to 7,900 AF (June). Differences in water elevations
range from 3 to 7 feet. In wet years, Williams Fork Reservoir’s contents under the No
Action Alternative begin the water year higher than under Current Conditions (2006). The
difference grows smaller through the winter and by end of April, contents are lower by
2,500 AF. In both scenarios, the reservoir fills by end of July, so that there is no difference,
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and contents remain similar through September. The largest difference in wet years is
5,300 AF, occurring in October, which corresponds to a difference of 6 feet in water
elevation.

The maximum increase and decrease in reservoir elevation (averaged over the month) for
any month over the 45-year study period between Current Conditions (2006) and the No
Action Alternative is 45 and 39 feet, respectively. The average annual evaporative loss
would be 3,353 AF compared to 3,227 AF under Current Conditions (2006) as shown in
Table H-8.1.

Dillon Reservoir

Dillon Reservoir contents under the No Action Alternative with RFFAs would almost
always be lower than the content associated with Current Conditions (2006), for all months
and for average, dry, and wet conditions. This is because without additional storage on
line, Denver Water would rely heavily on their Blue River supplies and Strategic Water
Reserve to meet a higher demand, particularly during droughts. On average and for dry
years, the monthly pattern of reservoir volume is similar for No Action and Current
Conditions (2006), with average content being lower for No Action. The largest difference
in average end-of-month contents occurs in April, when Dillon Reservoir content would be
37,000 AF or 18% less under No Action than it would be under Current Conditions (2006)
(Table H-1.4). The corresponding difference in end-of-month reservoir elevation would be
a decrease of nearly 19 feet on average (Table H-1.5). The smallest difference is

16,200 AF, occurring in June and responsible for a difference of 7 feet in average reservoir
elevation. In dry years, Dillon Reservoir contents are consistently lower than they would be
under Current Conditions (2006), reaching a maximum in June of 51,500 AF. This
difference is 27% of the average June content under Current Conditions (2006). The
corresponding difference in reservoir elevation would be a decrease of 23 feet on average
(Table H-1.5). In September, the difference in average elevation is even greater — 25 feet,
even though the difference in September content is smaller than the difference for June.
This occurs because of the non-linearity of the elevation-capacity curve. During the critical
period, Dillon Reservoir would be drained to a minimum of 6,500 AF.

In wet years, Dillon Reservoir levels under the No Action Alternative would be more
similar to Current Conditions (2006) than they are on average. This is particularly true
during and after the runoff, when the reservoir would generally be full or nearly full. The
largest average monthly difference in end-of-month contents occur in March, when Dillon
Reservoir content would be 22,800 AF or 9% less than March content under Current
Conditions (2006) (Table H-1.4). The corresponding difference in reservoir elevation
would be a decrease of 8 feet on average (Table H-1.5).

The maximum increase and decrease in reservoir elevation (averaged over the month) for
any month over the 45-year study period between Current Conditions (2006) and the No

Action Alternative are 12 and 86 feet, respectively. The average annual evaporative loss
would be 5,296 AF compared to 5,847 AF under Current Conditions (2006), as shown in
Table H-8.1.
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Wolford Mountain Reservoir

Wolford Mountain Reservoir contents under No Action Alternative are very similar to
contents under the Proposed Action with RFFAS, and the dynamics described in

Section 4.6.1.1.1 are generally applicable to this scenario. On a study period average basis,
average end-of-month content under No Action is less than average end-of-month content
under Current Conditions (2006) for every month of the year. At the beginning of the water
year, contents would be 3,300 AF lower under the No Action Alternative. The difference
would increase through March due primarily to West Slope contracts, and to a lesser
degree, to substitution releases. At the end of March, the difference would be 5,300 AF.
Contract releases persist through May under No Action Alternative, but that effect is more
than offset during the runoff as more water, on average, is put in storage under No Action
Alternative than under Current Conditions (2006). By end of June, the difference in
average end-of-month contents is 3,400 AF. During July, August, and September, this
difference is more or less maintained because increased substitution and contract deliveries
are offset by the termination of 10,825 Water releases from Wolford Mountain Reservoir.
The water year ends with a difference of 3,300 AF. The difference in average
end-of-month contents range from 3,100 AF or 5% in August to 5,300 AF or 10% in
March. Differences in average end-of-month water elevations at Wolford Mountain
Reservoir range from 2 feet to 5 feet (Table H-1.8).

In dry years, content are lower under No Action than under Current Conditions (2006) in all
months. Differences in average end-of-month contents range from 800 AF in October to
5,000 AF in July. These differences correspond to changes in water elevation between

1 and 4 feet. In wet years, Wolford Mountain Reservoir contents are also always lower
under No Action than under Current Conditions (2006). The greatest difference
(approximately 5,200 AF) occurs at the end of March; the smallest difference
(approximately 500 AF) occurs at the end of May. Changes in water elevation range from
1 to 4 feet.

The maximum increase in water elevation (averaged over the month) between No Action
Alternative and Current Conditions (2006), for any month over the 45-year study period, is
1.6 feet; the maximum decrease in water elevation is 37 feet. The average annual
evaporative loss would be 2,568 AF compared to 2,701 AF under Current Conditions
(2006), as shown in Table H-8.1.

Gross Reservoir

The No Action Alternative is the only alternative in which Gross Reservoir has the same
capacity as under Current Conditions (2006). Thus reservoir contents are similar, except
for additional imports via the Moffat Tunnel, and an operational change to preserve water
in Gross Reservoir in late summer and fall, in preparation to stage more water in Ralston
Reservoir and meet Denver’s higher demands in the spring. Starting in June or early July
of average and wet years, reservoir contents are the same in the two scenarios because the
reservoir is full. Under No Action, more water is delivered from the West Slope from July
through October, and releases are reduced in August and September as Denver depends
more heavily on Blue River water during these months. As a result, Gross Reservoir
contents are generally the same or higher under No Action than under Current Conditions
(2006) from August through October. Winter inflows and outflows are similar, so the
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difference persists until March. In the No Action Alternative, larger releases are made from
March through July, such that reservoir contents drop below Current Condition (2006)
levels in April, but given the additional imports during the runoff season, contents are
similar by June or early July. In dry years and recovery years the pattern is the same except
that the additional imports may not be enough to achieve fill, and contents for No Action
may be lower than for Current Conditions (2006).

Gross Reservoir average end-of-month contents under No Action range would range from
3,800 AF higher (October) to 1,300 AF lower (June) than Current Conditions (2006). In
dry years, Gross Reservoir’s contents under No Action would be 6,000 AF greater on
average in October, and 100 AF less in May than Current Conditions (2006). Gross
Reservoir would be drained to the minimum pool more frequently under the No Action
Alternative than under Current Conditions (2006) and the action alternatives. Gross
Reservoir would be drained to the minimum pool in 12 years out of the 45-year study
period versus only 3 years under Current Conditions (2006). In wet years, there would be
little change in contents in summer months because the reservoir would be full or nearly
full. Average monthly differences in contents in wet years would range from 2,300 AF
greater in September to 3,900 AF less in March than Current Conditions (2006).

The maximum monthly average end-of-month water elevation change would be an increase
of 12 feet in an average year, an increase of 21 feet in a dry year, and a decrease of 14 feet
in a wet year (Table H-1.11). The maximum increase and decrease in water elevation
(averaged over the month) for any month over the 45-year study period between Current
Conditions (2006) and the No Action Alternative would be 29 feet and 39 feet, respectively.
The average annual evaporative loss would be 463 AF compared to 452 AF under Current
Conditions (2006), as shown in Table H-8.1.

Antero Reservoir

Antero Reservoir contents under the No Action Alternative would be lower than contents
associated with all other alternatives for all months on average. This is because without
additional storage on line, Denver Water would rely more heavily on their South Platte
River supplies and Strategic Water Reserve to meet a higher demand, particularly during
droughts. Under the No Action Alternative, Antero Reservoir average monthly contents
would be lower than Current Conditions (2006) by up to 1,200 AF.

The largest difference in average monthly end-of-month contents under the No Action
Alternative occurs in December, when reservoir content would be about 1,200 AF lower
than Current Conditions (2006) (Table H-1.13). In dry years, the largest difference in
average monthly contents would be a decrease of 360 AF. There would be little to no
change in a wet year. The maximum monthly average end-of-month water elevation
change would be a decrease of about 1 foot in average and no change in dry years

(Table H-1.14). The maximum increase and decrease in water elevation (averaged over the
month) for any month over the 45-year study period between Current Condition (2006) and
the No Action Alternative would be 3 feet and 17 feet, respectively. The average annual
evaporative loss would be 3,545 AF compared to 3,671 AF under Current Condition
(2006), as shown in Table H-8.1.
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Eleven Mile Canyon Reservoir

Similar to Antero Reservoir, Eleven Mile Canyon Reservoir contents under the No Action
Alternative with RFFAs would be lower than contents associated with all other alternatives
for all months on average. This is because without additional storage on line, Denver
Water would rely more heavily on their South Platte River supplies and Strategic Water
Reserve to meet a higher demand, particularly during droughts.

Eleven Mile Canyon Reservoir’s average end-of-month contents are lower under the No
Action Alternative, as compared to Current Conditions (2006), by 3,600 to 5,200 AF. Like
Antero Reservoir, Eleven Mile Canyon Reservoir is used for drought supply. Under the No
Action Alternative, water would be released from Eleven Mile Canyon Reservoir earlier in
dry periods because of Denver Water’s higher demand. As a result, average end-of-month
contents for July, August, and September would be lower by up to 3,300 AF under the No
Action Alternative in dry years. There would be little to no change in a wet year.

The largest change in average end-of-month contents under the No Action Alternative
would be 5,200 AF in June (Table H-1.16). In dry years, the largest difference in average
end-of-month contents would be 3,300 AF in September. There would be little to no
change in a wet year. The monthly average end-of-month water elevation would change by
up to about 2 feet in average years and 1 foot in dry years (Table H-1.17). The maximum
increase and decrease in water elevation (averaged over the month) for any month over the
45-year study period between Current Conditions (2006) and the No Action Alternative
would be 0.2 feet and 19.8 feet, respectively. The average annual evaporative loss would
be 5,753 AF compared to 5,950 AF under Current Conditions (2006), as shown in

Table H-8.1.

Cheesman Reservoir

Similar to Antero and Eleven Mile Canyon reservoirs, Cheesman Reservoir contents under
the No Action Alternative are lower than contents associated with all other alternatives, for
all months on average. This is because without additional storage on line, Denver Water
would rely more heavily on their South Platte River supplies and Strategic Water Reserve
to meet a higher demand, particularly during droughts.

Cheesman Reservoir’s average end-of-month contents would be lower under the No Action
Alternative as compared to Current Conditions (2006) by 500 to 3,700 AF. Under the No
Action Alternative, Cheesman Reservoir would be used more heavily particularly in dry
years because of Denver Water’s higher demand. Cheesman Reservoir storage would be
depleted more frequently under the No Action Alternative than under Current Conditions
(2006) and the action alternatives.

The largest decrease in average end-of-month contents under the No Action Alternative
would be 3,700 AF in May (Table H-1.19). In dry years, average end-of-month contents
would be up to 7,600 AF lower in September. In wet years, reservoir contents would be
slightly higher under No Action than under Current Conditions (2006), in all months except
June and July when the reservoir would be full in both scenarios. The maximum monthly
average end-of-month reservoir elevation decrease would be 8 feet in average years, and

20 feet in dry years (Table H-1.20). The maximum increase and decrease in water
elevation (averaged over the month) for any month over the 45-year study period between
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Current Conditions (2006) and the No Action Alternative would be 19 feet and 107 feet,
respectively. The average annual evaporative loss would be 1,053 AF compared to
1,081 AF under Current Conditions (2006), as shown in Table H-8.1.

Strontia Springs Reservoir

Changes in reservoir operations, contents, and elevations under No Action are similar to the
Proposed Action with RFFAs. Because winter demand is met by Foothills Treatment Plant
under No Action, average end-of-month contents are lower than for the Proposed Action
with RFFAs, by 100 to 200 AF, from October through April. The maximum average
monthly difference in contents from Current Conditions (2006) is approximately 790 AF in
April. From May through September, contents are lower than under Current Conditions
(2006), but not quite as low as under the Proposed Action with RFFAs.

Chatfield Reservoir

Changes in reservoir operations, contents, and water elevations under No Action
Alternative are generally similar to the Proposed Action with RFFAs. Winter drawdowns
under No Action are slightly less pronounced than under Proposed Action with RFFAS on
average. Accordingly, the maximum difference in average monthly content, relative to
Current Conditions (2006) is greater for No Action Alternative than for the Proposed
Action with RFFAs by several hundred acre-feet in an average, dry, and wet year.

4.6.1.6.3 River Segments

Fraser River

Changes in Fraser River flows under the No Action Alternative are directly related to the
increase in Moffat Tunnel diversions, which would occur under a higher demand and other
RFFAs including growth in Grand County water demands. Denver Water’s average annual
demand would increase from 285,000 AF under Current Conditions (2006) to

363,000 AF/yr under the No Action Alternative. Refer to Section 4.6.1.1.2 for a discussion
of flow reductions and shortages in the Fraser River Basin related to other RFFAS since
they would be similar to the Proposed Action with RFFAs.

Bypass Flow Reductions

The modeled reductions in minimum bypass flows in the Fraser River Basin under the No
Action Alternative are the same as under Full Use of the Existing System and the Proposed
Action with RFFAs because the No Action Alternative portrayed in PACSM includes use
of the Strategic Water Reserve without imposing restrictions. Refer to Section 4.6.1.1.2 for
a description of bypass flow reductions under Full Use of the Existing System and the
Proposed Action with RFFAs.

Additional diversions under the No Action Alternative would result in more days that flows
would be reduced to minimum summer bypass requirements. In addition, tributaries
without bypass requirements would be dried up for a longer duration. On average, flows
would be reduced to minimum summer bypass requirements at the Fraser River at Winter
Park gage and below Denver Water’s diversions from St. Louis Creek, Vasquez Creek, and
Ranch Creek as a result of additional diversions approximately 4 more days a year and a
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maximum of about 20 more days in one year. On tributaries that do not have bypass
requirements flows would be reduced to O cfs as a result of additional diversions during the
summer approximately 4 more days a year on average and a maximum of about 17 more
days in one year. These flow reductions would generally occur primarily in June, and May
and July to a lesser degree in wet years.

As discussed under the qualitative assessment of the combination of using mandatory
restrictions in addition to depleting the Strategic Water Reserve in Section 4.6.1.6.1,
Denver Water can be expected to reduce minimum bypass flows on eastern and western
slope streams as demand increases beyond existing supplies and restrictions are imposed.
As a result, stream flows would decrease due to decreased bypass flows beyond what is
reflected in PACSM.

Moffat Tunnel Diversions

Additional Moffat Tunnel diversions under the No Action Alternative would be
considerably less than under the action alternatives without additional storage on line. As
shown in Tables H-7.1 through H-7.3, annual Moffat Tunnel diversions would increase by
5,000 AF or 8% on average, 2,000 AF or 4% in dry years and 8,400 AF or 15% in wet
years. Diversions would increase in 41 years out of the 45-year study period and additional
diversions would range up to 8,500 AF in one month and 11,800 AF in one year.

Table H-1.28 summarizes average monthly diversions through the Moffat Tunnel for
average, dry, and wet conditions. Additional diversions through Moffat Tunnel occur
primarily in May, June and July. There would be virtually no additional diversions from
late summer through early spring except in infrequent, very wet years. The maximum
monthly average increase in diversions would occur in June, with a 36.7 cfs or 11%
increase. In dry years, the maximum monthly average increase in diversions would occur
in July, with a 21.1 cfs or 23% increase. In wet years, the maximum monthly average
increase in diversions would occur in June, with a 42.9 cfs or 29% increase.

Fraser River Mainstem Stream Flow

Below Denver Water’s mainstem Fraser River Diversion, annual flows would decrease by
770 AF or 15% on average, 270 AF or 11% in dry years and 1,300 AF or 12% in wet years.
Monthly average flows would decrease by a maximum of 8.7 cfs or 21% in June

(Table H-1.29). In dry years, monthly average flows would decrease by a maximum of

1.6 cfs or 23% in July. In wet years, monthly average flows would decrease by a maximum
of 10.6 cfs or 11% in June. At the Fraser River at Winter Park gage, which is located
downstream of Denver Water’s mainstem Fraser River Diversion and their tributary
diversions from Jim Creek, Cub Creek, Buck Creek, and Cooper Creek, annual flows would
decrease by 1,100 AF or 13% on average, 290 AF or 7% in dry years and 2,000 AF or 12%
in wet years. Monthly average flows would decrease by a maximum of 12.4 cfs or 21% in
June (Table H-1.33). In dry years, monthly average flows would decrease by a maximum
of 1.6 cfs or 17% in June and July. In wet years, monthly average flows would decrease by
a maximum of 18.7 cfs or 14% in June.

Continuing downstream, the Fraser River would be affected by Denver Water’s diversions
from Vasquez, St. Louis, and Ranch creeks as well as additional diversions to meet
increased demands for water providers in the Fraser River Basin. Below the confluence
with Vasquez Creek, average annual flows would decrease by 4,700 AF or 23% on average,
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3,000 AF or 34% in dry year and 6,400 AF or 17% in wet years. Monthly average flows
would decrease by a maximum of 26.6 cfs or 19% in June (H-1.38). In dry years, monthly
average flows would decrease by a maximum of 7.7 cfs or 36% in June and 39% in July. In
wet years, monthly average flows would decrease by a maximum of 35.7 cfs or 12% in
June.

Below the confluence with St. Louis Creek, annual flows would decrease by 8,500 AF or
22% on average, 6,100 AF or 42% in dry years, and 11,200 AF or 15% in wet years.
Monthly average flows would decrease by a maximum of 37.2 cfs or 15% in June

(Table H-1.44). In dry years, monthly average flows would decrease by a maximum of
13.8 cfs or 53% in July. In wet years, monthly average flows would decrease by a
maximum of 47.5 cfs or 8% in June.

Below the confluence with Crooked Creek, which is located below all of Denver Water’s
Fraser River Basin diversions, annual flows would decrease by 4,600 AF or 5% on average,
1,500 AF or 4% in dry years and 7,900 AF or 5% in wet years. Monthly average flows
would decrease by a maximum of 35.8 cfs or 7% in June (Table H-1.49). In dry years,
monthly average flows would decrease by a maximum of 7.9 cfs or 9% in June. In wet years,
monthly average flows would decrease by a maximum of 45.5 cfs or 4% in June.

At the Fraser River at Granby gage, which is located close to the confluence with the
Colorado River, annual flows would decrease by 4,900 AF or 5% on average, 1,900 AF or
5% in dry years and 8,300 AF or 5% in wet years. Monthly average flows would decrease
by a maximum of 36.7 cfs or 7% in June (Table H-1.50). In dry years, monthly average
flows would decrease by a maximum of 8.9 cfs or 10% in June and 16% in July. In wet
years, monthly average flows would decrease by a maximum of 46.3 cfs or 4% in June.

Jim Creek Stream Flow

Below Denver Water’s Jim Creek Diversion, annual flows would decrease by 230 AF or
28% on average and 530 AF or 20% in wet years. Changes in flow in a dry year would be
minimal. Monthly average flows would decrease by a maximum of 3.0 cfs or 29% in June
(Table H-1.30). In wet years, monthly average flows would decrease by a maximum of
6.5 cfs or 21% in June.

Cub and Buck Creeks Stream Flow

Below Denver Water’s diversions from Cub and Buck creeks, annual flows would decrease
by 40 AF or 15% on average and 100 AF or 15% in wet years. There would be no change
in flows in a dry year. Monthly average flows would decrease by a maximum of 0.6 cfs or
25% in June (Table H-1.31). In wet years, monthly average flows would decrease by a
maximum of 1.2 cfs or 17% in June.

Cooper Creek Stream Flow

Below Denver Water’s diversion from Cooper Creek, annual flows would decrease by

20 AF or 23% on average and 40 AF or 34% in wet years. Changes in flow in a dry year
would be insignificant. Monthly average flows would decrease by a maximum of 0.2 cfs or
31% in June (Table H-1.32). In wet years, monthly average flows would decrease by a
maximum of 0.5 cfs or 41% in June.
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Vasquez Creek and Tributaries Stream Flow

Below Denver Water’s diversion from Vasquez Creek, annual flows would decrease by
830 AF or 10% on average, 160 AF or 5% in dry years, and 1,600 AF or 10% in wet years.
Monthly average flows would decrease by a maximum of 7.8 cfs or 14% in June

(Table H-1.35). In dry years, monthly average flows would decrease by a maximum of
1.3 cfs or 17% in June and July. In wet years, monthly average flows would decrease by a
maximum of 9.5 cfs or 7% in June.

Below Denver Water’s diversion from Little Vasquez Creek, annual flows would decrease
by 160 AF or 26% on average and 350 AF or 34% in wet years. Changes in flow in a dry
year would be minimal. Monthly average flows would decrease by a maximum of 1.5 cfs
or 21% in June (Table H-1.36). In wet years, monthly average flows would decrease by a
maximum of 2.6 cfs or 23% in June.

At the Vasquez Creek gage, annual flows would decrease by 3,700 AF or 35% on average,
2,800 AF or 67% in dry years and 4,500 AF or 23% in wet years. Monthly average flows
would decrease by a maximum of 14.3 cfs or 19% in June (Table H-1.37). In dry years,
monthly average flows would decrease by a maximum of 6.2 cfs or 56% in June and 62%
in July. In wet years, monthly average flows would decrease by a maximum of 17.1 cfs or
11% in June.

Elk Creek and Tributaries Stream Flow

Below Denver Water’s diversions from Elk Creek, West and East Elk creeks, and the East
and West forks of main Elk Creek, annual flows would decrease by 90 AF or 10% on
average and 200 AF or 11% in wet years. There would be no change in flows in a dry year.
Monthly average flows would decrease by a maximum of 0.9 cfs or 11% in June

(Table H-1.39). In wet years, monthly average flows would decrease by a maximum of

1.7 cfs or 10% in June.

St. Louis Creek and Tributaries Stream Flow

Below Denver Water’s diversion from St. Louis Creek, annual flows would decrease by
430 AF or 7% on average, 240 AF or 8% in dry years and 800 AF or 7% in wet years.
Monthly average flows would decrease by a maximum of 2.9 cfs or 13% in July

(Table H-1.40). In dry years, monthly average flows would decrease by a maximum of
1.6 cfs or 17% in June. In wet years, monthly average flows would decrease by a
maximum of 4.2 cfs or 8% in July.

Below Denver Water’s diversion from tributaries to St. Louis Creek including West and
East St. Louis creeks, Short Creek, Byers Creek, Iron Creek, and Fool Creek, annual flows
would decrease by 410 AF or 15% on average, and 900 AF or 12% in wet years. There
would be no change in flows in a dry year. Monthly average flows would decrease by a
maximum of 3.1 cfs or 11% in June (Table H-1.41). In wet years, monthly average flows
would decrease by a maximum of 4.1 cfs or 6% in June.

Below Denver Water’s diversion from King Creek, annual flows would decrease by 20 AF
or 16% on average and 50 AF or 14% in wet years. Monthly average flows would decrease
by a maximum of 0.2 cfs or 14% in June (Table H-1.43). There would be no change in
flows in a dry year. In wet years, monthly average flows would decrease by a maximum of
0.3 cfs or 11% in June.
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At the St. Louis Creek gage, average annual flows would decrease by 840 AF or 5%,
240 AF or 3% in dry years, and 1,700 AF or 6% in wet years. Monthly average flows
would decrease by a maximum of 5.5 cfs or 6% in June (Table H-1.42). In dry years,
monthly average flows would decrease by a maximum of 1.6 cfs or 6% in June. In wet
years, monthly average flows would decrease by a maximum of 7.7 cfs or 7% in July.

Ranch Creek and Tributaries

Downstream of Denver Water’s Englewood Ranch Gravity System, which includes
diversions from North and South Trail Creek, Hurd Creek, Hamilton Creek, Cabin Creek,
and Little Cabin Creek, annual flows would decrease by 150 AF or 2% on average and

330 AF or 3% in wet years. Flow changes in a dry year would be minimal. Monthly
average flows would decrease by a maximum of 1.1 cfs or 7% in July (Table H-1.45). In
wet years, monthly average flows would decrease by a maximum of 2.9 cfs or 11% in May.

Below Denver Water’s North Fork Ranch Creek and Dribble Creek diversions, annual
flows would decrease by 120 AF or 8% on average, 20 AF or 17% in dry years, and 210 AF
or 6% in wet years. Monthly average flows would decrease by a maximum of 0.7 cfs or
13% in July (Table H-1.46). In dry years, monthly average flows would increase by a
maximum of 0.2 cfs or 19% in June. In wet years, monthly average flows would decrease
by a maximum of 1.9 cfs or 30% in May.

Below Denver Water’s Main Ranch Creek Diversion, annual flows would decrease by

130 AF or 5% on average, 80 AF or 6% in dry years, and 180 AF or 3% in wet years.
Monthly average flows would decrease by a maximum of 0.8 cfs or 4% in June and 9% in
July (Table H-1.47). In dry years, monthly average flows would decrease by a maximum of
0.6 cfs or 14% in June. In wet years, monthly average flows would decrease by a
maximum of 1.9 cfs or 20% in May.

Downstream of Denver Water’s Middle and South Fork of Ranch Creek diversions, annual
flows would decrease by 260 AF or 11% on average and 430 AF or 7% in wet years. There
would be no change in flows in a dry year. Monthly average flows would decrease by a
maximum of 1.5 cfs or 6% in June and 17% in July (Table H-1.48). In wet years, monthly
average flows would decrease by a maximum of 3.4 cfs or 32% in May.

Fraser River Native Stream Flows

Tables H-12.1 through H-12.5 and H-12.7 through H-12.15 show the native flow and the
amount and percent diverted at Denver Water’s diversions in the Fraser River Basin under
Current Conditions (2006), Full Use of the Existing System, No Action and each of the action
alternatives. Additional native flow diversions under the No Action Alternative are similar
to the action alternatives in timing. Additional native flow diversions under the No Action
Alternative would be less than under the action alternatives because there would be no
additional storage in the Moffat Collection System. Under No Action, the average annual
percentage of native flow diverted would range from 21% at the Englewood Ranch Gravity
System up to 92% at Denver Water’s Jim Creek Diversion, which is very similar to the
Proposed Action with RFFAs. In general the average annual percentage of native flow
diverted by Denver Water would increase by about 4% compared to Current Conditions
(2006). There would be little to no increase in the percentage of native flow diverted in
winter months. The increase in the percentage of native flow diverted would be greatest in
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June at almost all locations in the Fraser River Basin. In June, the average annual
percentage of native flow diverted under the No Action Alternative would increase by
about 3% to 8% compared to Current Conditions (2006) at most locations with a maximum
increase of 8% at Denver Water’s Fraser River diversion.

Table H-12.6 shows the native flow and the amount and percentage added to VVasquez Creek
due to Denver Water’s additional diversions from the Williams Fork River Basin, which are
delivered to Vasquez Creek via the Gumlick and VVasquez tunnels. The increase in flows
below the Vasquez Tunnel outfall and Denver Water’s diversion from Vasquez Creek
would be greatest in May and June in dry years. In June, the average monthly flow in a dry
year would increase by 71.7 cfs from 16.8 cfs to 88.4 cfs.

Fraser River Daily Flow Changes

As shown by the flow duration curves (Figures H-5.1 through H-5.11), flow reductions
resulting from the No Action Alternative would occur at higher flow rates, which typically
correspond with wet years.

The percentage of days that flow decreases would occur compared to Current Conditions
(2006) is similar to the action alternatives, however, the percentage of time that there
would be little to no change in flow (less than 1 cfs) would be higher under the No Action.
There would be little to no change over 76% of the time at all locations evaluated in the
Fraser River Basin (Table H-6.1). As shown in Table H-6.19, the maximum daily flow
reduction at the locations evaluated would be less under the No Action Alternative
compared to the action alternatives.

Fraser River Floodplain

Floodplain extents in the Fraser River Basin under No Action are generally similar to
Current Conditions (2006). Annual peak flows under the No Action Alternative are very
similar to annual peaks under Current Conditions (2006) for high flow, low frequency
events (recurrence greater than or equal to 10 years), and similar to or smaller for all other
events. On Ranch Creek and St. Louis Creek, peak flows are virtually the same for all
recurrence intervals of two years or more, so there would be no significant change to
floodplains on these tributaries. On the mainstem, annual peaks for recurrence intervals
from 2 to 10 years are reduced relative to Current Conditions (2006), but the reduction is
smaller than for the Proposed Action with RFFAs.

Williams Fork River

Changes in Williams Fork River flows under the No Action Alternative are directly related
to the increase in Gumlick Tunnel diversions which would occur under a higher demand
and other RFFAs in the Williams Fork River Basin. Refer to Section 4.6.1.1.2 for a
discussion of flow changes in the Williams Fork River Basin related to other RFFAS since
they would be similar to the Proposed Action with RFFAs.

Gumlick Tunnel Diversions

Additional Gumlick Tunnel diversions under the No Action Alternative would be less than
under the action alternatives without additional storage on line. As shown in Tables H-7.1
through H-7.3, annual Gumlick Tunnel diversions would increase by 1,300 AF or 15% on
average, 1,300 AF or 14% in dry years and 1,200 AF or 18% in wet years. The maximum
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monthly and annual increase in diversions would be 3,600 AF. Table H-1.51 summarizes
average monthly diversions through the Gumlick Tunnel for average, dry, and wet
conditions. Additional diversions would occur primarily in May, June, and July. There
would be virtually no additional diversions from late summer through early spring except in
infrequent, very wet years. The maximum monthly average increase in diversions would
occur in July, with a 14.0 cfs or 72% increase. In wet years, the maximum monthly average
increase in diversions would occur in May, with a 7.3 cfs or 39% increase on average.

Williams Fork River Mainstem and Tributaries Stream Flow

Below Denver Water’s Steelman Creek Diversion, annual flows would decrease by 330 AF
or 16% on average, 330 AF or 82% in dry years and 280 AF or 7% in wet years. At this
location, monthly average flows would decrease by a maximum of 3.5 cfs or 31% in July
(Table H-1.52). In dry years, monthly average flows would decrease by a maximum of

4.0 cfs or 84% in July. In wet years, monthly average flows would decrease by a maximum
of 2.1 cfs or 31% in May.

Below Denver Water’s Bobtail Creek Diversion, annual flows would decrease by 570 AF
or 16% on average, AF or 590 AF 90% in dry years and 570 AF or 7% in wet years. At this
location, monthly average flows would decrease by a maximum of 6.2 cfs or 32% in July
(Table H-1.53). In dry years, monthly average flows would decrease by a maximum of

8.1 cfs or 89% in July. In wet years, monthly average flows would decrease by a maximum
of 2.9 cfs or 39% in May.

Below Denver Water’s Jones Creek Diversion, annual flows would decrease by 180 AF or
16% on average, 180 AF or 78% in dry years and 150 AF or 6% in wet years. At this
location, monthly average flows would decrease by a maximum of 2.1 cfs or 32% in July
(Table H-1.54). In dry years, monthly average flows would decrease by a maximum of

2.2 cfs or 83% in July. In wet years, monthly average flows would decrease by a maximum
of 1.0 cfs or 29% in May.

Below Denver Water’s McQueary Creek Diversion, annual flows would decrease by

210 AF or 16% on average, 180 AF or 83% in dry years and 200 AF or 7% in wet years.

At this location, monthly average flows would decrease by a maximum of 2.2 cfs or 29% in
July (Table H-1.55). In dry years, monthly average flows would decrease by a maximum of
2.4 cfs or 81% in July. In wet years, monthly average flows would decrease by a maximum
of 1.3 cfs or 29% in May.

Annual flows at the Williams Fork River below Steelman Creek gage, which is located
below Denver Water’s diversions from the Williams Fork Basin, would decrease by
1,300 AF or 14% on average, 1,300 AF or 59% in dry years and 1,200 AF or 6% in wet
years. Monthly average flows would decrease by a maximum of 14.0 cfs or 28% in July
(Table H-1.56). In dry years, monthly average flows would decrease by a maximum of
16.7 cfs or 80% in July. In wet years, monthly average flows would decrease by a
maximum of 7.3 cfs or 27% in May.

Flows below Williams Fork Reservoir reflect differences in Gumlick Tunnel diversions and
reservoir operations, including spills, substitution releases, exchange releases, and power
releases to achieve operational goals, as well as other RFFAs. Differences in releases from
Williams Fork Reservoir would generally follow the same pattern as the alternatives but
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would be higher. As shown in Tables H-7.1 through H-7.3, annual outflow from Williams
Fork Reservoir would increase by 8,700 AF or 10% on average, 9,200 AF or 13% in dry
years and 17,000 AF or 13% in wet years. Monthly average outflow would decrease by up
to 6.4 cfs or 3% in August and increase by up to 66.9 cfs or 52% in July (Table H-1.57). In
dry years, monthly average outflow would decrease by up to 1.0 cfs or 1% in April by up to
99.9 cfs or 150% in July. In wet years, monthly average outflow would decrease by up to
7.9 cfs or 2% in June and increase by up to 100.6 cfs or 27% in July.

Williams Fork River Native Stream Flows

Tables H-12.16 through H-12.19 show the native flow and the amount and percent diverted at
Denver Water’s diversions from the upper Williams Fork River tributaries under Current
Conditions (2006), Full Use of the Existing System, No Action and each of the action
alternatives. Similar to the action alternatives, additional native flow diversions would
occur primarily in average and wet years during the runoff season from May through July.
Under the No Action Alternative, the average annual percentage of native flow diverted
would range from 57% at Denver Water’s Jones Creek Diversion to 62% at their McQueary
Creek Diversion. The average annual percentage of native flow diverted would increase by
approximately 8% compared to Current Conditions (2006). There would be little increase
in the percentage of native flow diverted in winter months. The increase in the percentage
of native flow diverted from the upper Williams Fork River tributaries would be greatest in
July. In July, the average annual percentage of native flow diverted by Denver Water from
the upper Williams Fork River tributaries would increase by about 22% compared to
Current Conditions (2006) with a maximum increase of 24% at Denver Water’s Jones
Creek Diversion.

Williams Fork River Daily Flow Changes

As shown by the flow duration curves (Figures H-5.12 through H-5.14), flow reductions
resulting from the No Action Alternative would occur at higher flow rates, which typically
correspond with wet years. The percentage of days that flow decreases would occur
compared to Current Conditions (2006) is similar to the action alternatives, however, the
percentage of time that there would be little to no change in flow (less than 1 cfs) would be
higher under the No Action particularly at the locations above Williams Fork Reservoir.
There would be little to no change in flow over 80% of the time at the upper basin locations
and over 65% of the time below Williams Fork Reservoir. As shown in Table H-6.19, the
maximum daily flow reductions at the upper basin locations would the same as the
Proposed Action with RFFAs and slightly less than the Proposed Action with RFFAs below
Williams Fork Reservoir.

Williams Fork River Floodplain

Changes in Williams Fork River flood flows and floodplain extents under No Action are
similar to the Proposed Action with RFFAs in the upper basin. Below Williams Fork
Reservoir, differences between Current Conditions (2006) and No Action are similar to
differences between Current Conditions (2006) and the Proposed Action with RFFAs for
recurrence intervals above 10 years. For recurrence intervals below that threshold, annual
peaks due to spills are all higher under No Action than for Current Conditions (2006).
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Colorado River

Colorado River Stream Flow

Changes in Colorado River flows below Windy Gap under the No Action Alternative
would be due primarily to Denver Water’s additional diversions from the Fraser and
Williams Fork river basins and other RFFAs. Changes in stream flows described above for
the Fraser and Williams Fork river basins would be translated downstream and into the
Colorado River, but the reductions in flow would be smaller relative to the total stream,
which is growing. Refer to Section 4.6.1.1.2 for a discussion of flow changes along the
Colorado River related to other RFFAs since they would be similar to the Proposed Action
with RFFAs.

As shown in Tables H-7.1 through H-7.3, annual flows below Windy Gap would decrease
by 22,700 AF or 15% on average, increase by 30 AF or less than 1% in dry years and
decrease by 45,900 AF or 11% in wet years. Annual flows below the confluence with
Williams Fork River would decrease by 14,300 AF or 5% on average, increase by 8,900 AF
or 6% in dry years and decrease by 29,100 AF or 5% in wet years. Annual flows at the
gage near Kremmling would decrease by 60,300 AF or 9% on average, 4,900 AF or 1% in
dry years and 84,100 AF or 7% in wet years.

Tables H-1.58, H-1.59, and H-1.60 summarize average monthly flow changes in the
Colorado River below Windy Gap, below the confluence with Williams Fork River and
near Kremmling for average, dry, and wet conditions, respectively. At these locations, flow
reductions would occur in average and wet years and are highly concentrated during the
runoff months in May, June, and July when the majority of additional diversions would
occur. Below Windy Gap, monthly average flows would decrease by a maximum of

142.3 cfs or 32% in May (Table H-1.58). In dry years, monthly average flows would
decrease by a maximum of 8.2 cfs or 6% in July. In wet years, monthly average flows
would decrease by a maximum of 422.0 cfs or 31% in May.

Moving downstream, the Colorado River is affected by tributary inflows from the Williams
Fork River, Troublesome Creek, Muddy Creek, and the Blue River, and changes in flows in
those basins. Below the confluence with Williams Fork River, monthly average flows
would decrease by a maximum of 128.2 cfs or 21% in June and increase by a maximum of
11.4 cfs or 4% in October (Table H-1.59). In dry years, monthly average flows would
increase by a maximum of 90.3 cfs or 47% in July. In wet years, monthly average flows
would decrease by a maximum of 422.2 cfs or 25% in May and increase by a maximum of
143.3 cfs or 8% in July. Near Kremmling, monthly average flows would decrease by a
maximum of 398.6 cfs or 17% in June and increase by a maximum of 10.0 cfs or 2% in
March (Table H-1.60). In dry years, monthly average flows would decrease by a maximum
of 101.4 cfs or 9% in August and increase by a maximum of 10.1 cfs or 2% in April. In wet
years, monthly average flows would decrease by a maximum of 500.2 cfs or 16% in May
and increase by a maximum of 45.1 cfs or 5% in March.

Colorado River Daily Flow Changes

As shown by the flow duration curves (Figures H-5.15 through H-5.17), flow reductions
resulting from the No Action Alternative would occur at higher flow rates, which typically
correspond with wet years. The percentage of days that flow decreases would occur
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compared to Current Conditions (2006) is similar to the action alternatives (Table H-6.3).
As shown in Table H-6.19, the maximum daily flow reductions below Windy Gap and the
confluence with the Williams Fork River would be considerably less than the Proposed
Action with RFFAs and slightly higher than the Proposed Action with RFFAs at the gage
near Kremmling.

Colorado River Floodplain

Similar to the Proposed Action with RFFAS, annual flood flows for the Colorado River
would be the same or lower under the No Action Alternative than under Current Conditions
(2006) for most recurrence intervals. Several of the high recurrence interval peaks are the
exceptions, due to the timing of Granby Reservoir spills. For recurrence intervals of
approximately 8 years to 2.2 years, annual peaks are lower under No Action than under
Current Conditions (2006), but not as low as for the Proposed Action with RFFAs. Below a
recurrence interval of 2.2 years, annual peaks for No Action are the same as for Proposed
Action with RFFAs. Accordingly, floodplain extent for a specified return interval under the
Proposed Action with RFFAs would be the same or smaller as the corresponding floodplain
under Current Conditions (2006), assuming that Granby Reservoir spills could be managed
in real-time.

Muddy Creek

Muddy Creek Stream Flow

Changes along Muddy Creek and at Wolford Mountain Reservoir under the No Action
Alternative would be primarily due to changes in Wolford Mountain Reservoir operations
and other RFFASs as opposed to the Moffat Project. As shown in Tables H-7.1 through
H-7.3, annual outflow from Wolford Mountain Reservoir would increase by 400 AF or 1%
on average and 2,900 AF or 7% in dry years and decrease by 440 AF or less than 1% in wet
years. Table H-1.61 summarizes average monthly outflow from Wolford Mountain
Reservoir for average, dry, and wet conditions. Average monthly outflow would decrease
up to 20.2 cfs or 6% in May and increase up to 12.1 cfs or 45% in January. In dry years,
monthly average outflow would decrease up to 32.2 cfs or 23% in August and increase up
to 19.4 cfs or 45% in July. In wet years, monthly average flows would decrease up to

66.0 cfs or 48% in April and increase up to 41.5 cfs or 131% in March.

Muddy Creek Daily Flow Changes

As shown by the flow duration curve (Figures H-5.18), flow reductions resulting from the
No Action Alternative would occur at higher flow rates, which typically correspond with
wet years. The percentage of days that flow decreases would occur compared to Current
Conditions (2006) is the same as the action alternatives (Table H-6.4). As shown in

Table H-6.19, the maximum daily flow reduction below Wolford Mountain Reservoir is the
same as the Proposed Action with RFFAs.

Muddy Creek Floodplain

Changes in Muddy Creek flood flows and floodplain extents under the No Action
Alternative are the same as for the Proposed Action with RFFAs.
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Blue River

Changes in Blue River flows under the No Action Alternative would be due primarily to
Denver Water’s additional diversions through Roberts Tunnel. Roberts Tunnel diversions
would increase substantially under the No Action Alternative compared to Current
Conditions (2006), Full Use of the Existing System and the action alternatives because
Denver Water would rely heavily on their Blue River supplies and Strategic Water Reserve
to meet a higher demand, particularly during droughts. Unlike the action alternatives,
monthly diversions would increase on average during the winter months because the Moffat
WTP would be shut down during those months. Foothills and Marston WTPs would need
to meet the entire demand though the winter, resulting in higher deliveries through

Roberts Tunnel during those months.

Roberts Tunnel Diversions

As shown in Tables H-7.1 through H-7.3, annual Roberts Tunnel diversions would increase
by 37,600 AF or 54% on average, which is approximately 5,000 AF to 6,000 AF higher
than the action alternatives. Annual diversions would increase by 28,700 AF or 23% in dry
years and 32,900 AF or 93% in wet years. Table H-1.62 summarizes average monthly
diversions through the Roberts Tunnel for average, dry, and wet conditions. Diversions
through Roberts Tunnel would increase on average in all months. Monthly average
diversions would increase by a maximum of 135.5 cfs or 70% in September. In dry years,
monthly average diversions would decrease up to 24.3 cfs or 8% in August and increase up
to 81.3 cfs or 44% in October. In wet years, monthly average diversions would increase up
to 143.3 cfs or 99% in September.

Blue River Stream Flow

Flows below Dillon Reservoir reflect differences in Roberts Tunnel diversions and spills.
Annual outflow from Dillon Reservoir would decrease by 37,900 AF or 30% on average,
9,100 AF or 18% in dry years and 39,300 AF or 17% in wet years. Table H-1.63
summarizes average monthly outflow from Dillon Reservoir for average, dry, and wet
conditions. In average and wet years, the greatest decrease in flows below Dillon Reservoir
would generally be from May through August. Monthly average outflow would decrease
up to 294.1 cfs or 38% in June. In dry years, monthly average outflow would decrease up
to 72.5 cfs or 50% in July. In wet years, monthly average outflow would decrease up to
435.2 cfs or 46% in May.

Changes in average annual Blue River flows below Green Mountain Reservoir are roughly
of the same magnitude as differences in outflow from Dillon Reservoir. Annual outflow
from the reservoir would decrease by 38,300 AF or 13% on average, 9,700 AF or 5% in dry
years and 46,000 AF or 10% in wet years. Table H-1.64 summarizes average monthly
outflow from Green Mountain Reservoir for average, dry, and wet conditions. Monthly
average outflow would decrease by a maximum of 316.3 cfs or 35% in June. In dry years,
monthly average outflow would decrease by a maximum of 60.5 cfs or 11% in July. In wet
years, monthly average outflow would decrease by a maximum of 338.4 cfs or 15% in June.
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Blue River Daily Flow Changes

As shown by the flow duration curves (Figures H-5.19 and H-5.20), flow reductions
resulting from the No Action Alternative would typically occur at higher flow rates. The
percentage of days that flow decreases would occur is similar to the action alternatives
(Table H-6.5). Flow decrease would occur more frequently because Denver Water would
need to draw on their Blue River supplies more heavily under the No Action Alternative.
As shown in Table H-6.19, the maximum daily flow reductions along the Blue River under
the No Action Alternative would be the same as the action alternatives.

Blue River Floodplain

Under the No Action Alternative, annual peak flows below Dillon Reservoir would be
consistently less than annual peak flows under Current Conditions (2006), for a given
recurrence interval. Accordingly, floodplain extents from Dillon Reservoir to Green
Mountain Reservoir would be the same or smaller under the No Action Alternative
compared with Current Conditions (2006). Below Green Mountain Reservoir, annual peaks
are similar to the Proposed Action with RFFAs, which means minor effects to floodplain
size are possible. However, daily flow data shows that peaks could potentially be
attenuated by releasing more water from Green Mountain Reservoir pre-emptively.

South Boulder Creek

South Boulder Creek Stream Flow

In the uppermost reach above Gross Reservoir, changes in flow are equivalent to changes in
Moffat Tunnel deliveries. As shown in Tables H-7.1 through H-7.3, annual flows at the
Pinecliffe gage would increase by 5,000 AF or 5% on average, 1,500 or 2% in dry years
and 8,400 AF or 8% in wet years. The combination of 5 years that were averaged to
determine a wet and dry year average are different for the Moffat Tunnel versus South
Boulder Creek because diversions into the Moffat Tunnel occur on the West Slope, whereas
South Boulder Creek is located on the East Slope. Refer to Section 4.6.1 for a discussion of
West Slope versus East Slope dry and wet year averages. As a result, the changes in wet
and dry year annual averages are not comparable for the Moffat Tunnel and Pinecliffe gage.

Table H-1.65 summarizes average monthly flows at the Pinecliffe gage for average, dry,
and wet conditions. Flow increases would occur primarily in May, June, and July, which
corresponds with the months when additional diversions through Moffat Tunnel would be
greatest. There would be virtually no flow increases from late summer through early spring
except in infrequent, very wet years. There would be flow decreases in South Boulder
Creek in winter months due to reduced Moffat Tunnel diversions during those months
compared to Current Conditions (2006). Some of the water that would be diverted through
the Moffat Tunnel under Current Conditions (2006) would be diverted for snowmaking
purposes in the Fraser River Basin instead because those demands increase under the No
Action Alternative. Monthly average flows would increase up to 36.6 cfs or 6% in June. In
dry years, monthly dry year average flows would increase up to 16.0 cfs or 11% in July. As
discussed under the section for the Fraser River, Moffat Tunnel diversions would increase
in dry years due to reductions in bypass flows in the Fraser River Basin as Denver Water’s
demands increase from Current Conditions (2006) to Full Use of the Existing System. As a
result, flow increases would occur in South Boulder Creek above Gross Reservoir in dry
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years. In wet years, monthly wet year average flows would increase up to 63.1 cfs or 14%
in June.

From Gross Reservoir to the South Boulder Diversion Canal, changes in flow reflect Gross
Reservoir operations. Unlike the action alternatives, the Moffat WTP would be shut down
from mid-October to April or May depending on the year and the South Boulder Diversion
Canal would be shut down from mid-December through mid-March. As a result, Gross
Reservoir outflow would not change in January and February. During those months,
Foothills and Marston WTPs would need to meet the entire demand. However, flows
would be consistently higher from March through December as more water is released to
meet additional demand. As shown in Tables H-7.1 through H-7.3, average, dry year and
wet year annual outflow from Gross Reservoir would increase by 4,900 AF or 4%,

4,900 AF or 6%, and 7,500 AF or 7%, respectively. Increases in average annual releases
are approximately 7,000 AF less compared with the action alternatives. Table H-1.66
summarizes average monthly outflow from Gross Reservoir for average, dry, and wet
conditions. Monthly average outflow would increase up to 44.6 cfs or 53% in March and
decrease up to 37.8 or 23% in September. In dry years, monthly average outflow would
increase up to 48.6 cfs or 59% in March and decrease up to 15.8 cfs or 9% in August. In
wet years, monthly average outflow would increase up to 48.7 cfs or 13% in July and
decrease up to 20.7 cfs or 11% in September.

Below the South Boulder Diversion Canal, flows would generally decrease on average
under the No Action Alternative because Denver Water would divert slightly more native
South Boulder Creek water, either to storage at Gross Reservoir or under their direct
diversion right at the South Boulder Diversion Canal. As shown in Tables H-7.1 through
H-7.3, annual flows at the Eldorado Springs gage would decrease by 590 AF or 1% on
average, 2,500 AF or 4% in wet years, and changes in flow in dry years would be minimal.
Table H-1.67 summarizes average monthly flow at the South Boulder Creek near Eldorado
Springs gage. Monthly average flows would decrease up to 6.2 cfs or 2% in June. In wet
years, monthly average flows would decrease up to 22.7 cfs or 7% in June.

South Boulder Creek Native Stream Flow

Table H-12.20 shows the native flow at the South Boulder Creek at Pinecliffe gage and the
amount and percentage added due to additional Moffat Tunnel delivery under Current
Conditions (2006), Full Use of the Existing System, No Action and each of the action
alternatives. Under the No Action Alternative, the average annual Moffat Tunnel delivery
to South Boulder Creek increases from 151% under Current Conditions (2006) to 162% of
the native flow under No Action. The increase in flow added to this river segment is
greatest during the runoff season from May through July in average and wet years. In
average years, the Moffat Tunnel delivery ranges up to 426% of the native flow in
September. Average monthly native flows and Moffat Tunnel deliveries are 18.0 cfs and
76.8 cfs, respectively in September. In wet years, the Moffat Tunnel delivery ranges up to
669% of the native flow in September. Average monthly native flows and Moffat Tunnel
deliveries are 15.9 cfs and 106.0 cfs, respectively in September in a wet year. While, the
percentage of flow added to South Boulder Creek from the Moffat Tunnel is significant, the
section of South Boulder Creek above Gross Reservoir has been modified to accommodate
up to 1,200 cfs at the Pinecliffe gage.
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South Boulder Creek Daily Flow Changes

As shown by the flow duration curves (Figures H-5.21 through H-5.23), flow increases
above Gross Reservoir resulting from the No Action Alternative would occur primarily at
higher flow rates. The flow duration curve for the No Action Alternative is very similar to
the curve for Full Use of the Existing System. The flow duration curve for Gross Reservoir
outflow shows flow increases throughout range of flows that would occur would be
relatively small. The flow duration curve at the Eldorado Springs gage shows flow
decreases would be minor and occur primarily at higher flow rates.

The percentage of days that flow changes would occur compared to Current Conditions
(2006) is shown in Table H-6.6. At the Pinecliffe gage, the flow change from May through
July would be less than 1 cfs about 28% of the time. Flows would increase up to 100 cfs
about 60% of the time. Below Gross Reservoir, the flow change would be less than 1 cfs
about 28% of the time. Flow flows would decrease or increase up to 100 cfs about 21%
and 46% of the time, respectively. At the Eldorado Springs gage, the percentage of days
flows would change would be similar to the Proposed Action with RFFAs. As shown in
Table H-6.19, the maximum flow reduction at the Pinecliffe gage would be 525 cfs under
No Action, which is over double the maximum flow reduction under the Proposed Action
with RFFAs. Below Gross Reservoir and at the Eldorado Springs gage, the maximum flow
reduction under the No Action Alternative would be similar to the Proposed Action with
RFFA:s.

South Boulder Creek Floodplain

Upstream of Gross Reservoir, annual flood events for the No Action Alternative are
virtually the same as for Current Conditions (2006) for recurrence intervals of 2.4 years or
more. Below this threshold, flood events would increase slightly but peak flows would be
well within the capacity of the channel. Below Gross Reservoir, annual floods are
consistently higher under the No Action Alternative than under Current Conditions (2006)
by up to 5%. This could result in minor differences in the floodplain below Gross
Reservoir.

North Fork South Platte River

North Fork South Platte River Stream Flow

The changes in flow in the North Fork South Platte River are equivalent to changes in
Roberts Tunnel deliveries. Unlike the action alternatives, monthly flows would increase on
average during the winter months because the Moffat WTP would be shut down during
those months. Foothills and Marston WTPs would need to meet the entire demand through
the winter, resulting in higher deliveries through Roberts Tunnel during those months.
Flow changes at the Geneva Creek gage are slightly less than changes in diversions at the
Roberts Tunnel due to transit losses because the State Engineer’s Office assesses a 5%
transit loss on Denver Water’s Roberts Tunnel deliveries to the North Fork South Platte
River. Moving downstream, the volume of change along the North Fork South Platte River
stays the same, however, the percentage change in flow is smaller relative to the total
stream, which is growing.

As shown in Tables H-7.1 through H-7.3, annual flows at the Geneva Creek gage would
increase by 36,200 AF or 31% on average, 38,800 AF or 26% in dry years, and 27,200 AF
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or 28% in wet years, respectively. Note, that the combination of 5 years that were averaged
to determine a wet and dry year average are different for the Roberts Tunnel versus the
North Fork South Platte River because diversions at the Roberts Tunnel occur on the West
Slope, whereas the North Fork South Platte River is located on the East Slope. Refer to
Section 4.6.1 for a discussion of West Slope versus East Slope dry and wet year averages.
Table H-1.68 summarizes average monthly flows in the North Fork South Platte River
below Geneva Creek gage for average, dry, and wet conditions. Monthly average flows
would increase up to 130.9 cfs or 56% in September. In dry years, monthly average flows
would increase up to 116.0 cfs or 34% in June. In wet years, monthly average flows would
increase up to 120.9 cfs or 76% in September.

North Fork South Platte River Native Stream Flow

Table H-12.21 shows the native flow and the amount and percentage added to the North Fork
South Platte River below Geneva Creek gage due to Denver Water’s additional Roberts
Tunnel deliveries under Current Conditions (2006), Full Use of the Existing System, No
Action and each of the action alternatives. Under the No Action Alternative, the average
annual Roberts Tunnel delivery to the North Fork South Platte River increases from 131%
under Current Conditions (2006) to 202% of the native flow under No Action. The increase
in flow added to this river segment is greatest in dry years in the summer and fall. In
average years, the Roberts Tunnel delivery ranges up to 640% of the native flow in
September. Average monthly native flows and Roberts Tunnel deliveries are 49.5 cfs and
316.6 cfs, respectively in September. In dry years, the Roberts Tunnel delivery ranges up
to 844% of the native flow in October. Average monthly native flows and Roberts Tunnel
deliveries are 31.7 cfs and 267.2 cfs, respectively in October in a dry year. While, the
percentage of flow added to the North Fork South Platte River from the Roberts Tunnel is
significant, the river segment below the Roberts Tunnel outfall has been modified to
accommaodate up 680 cfs (daily average) at Grant and 980 cfs (daily average) above the
confluence with the mainstem.

North Fork South Platte River Daily Flow Changes

As shown by the flow duration curve for the North Fork South Platte River below Geneva
Creek gage (Figure H-5.24), flows consistently increase at all levels and particularly at
higher flow rates, which generally correspond with summer months. About 81% of the
time there would be little to no flow change, or a flow increase or decrease up to 100 cfs
would occur (Table H-6.7). The maximum daily flow reduction at the Geneva Creek gage
would be 553 cfs, which is similar the Proposed Action with RFFAs. The maximum daily
flow increases would be similar to the action alternatives.

North Fork South Platte River Floodplain

Changes in flood flows and floodplain extents under the No Action Alternative would be
similar to the Proposed Action with RFFAs.
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South Platte River

South Platte River Stream Flow

For the purpose of analyzing changes in surface water hydrology along the South Platte
River under the Proposed Action with RFFAs, modeled diversions and stream flows were
analyzed below Antero, Eleven Mile Canyon, Cheesman, and Chatfield reservoirs, and at
the South Platte River at three USGS gages - Waterton, Denver, and Henderson.

Antero Reservoir to Cheesman Reservoir. In the upper South Platte River, above the
confluence with the North Fork South Platte River, changes in South Platte River flows
under the No Action Alternative would be due primarily to Denver Water’s additional
diversions and reservoir releases. Reservoir releases would increase substantially under the
No Action Alternative in dry years compared to Current Conditions (2006), Full Use of the
Existing System and the action alternatives because Denver Water would rely more heavily
on their South Platte River supplies and Strategic Water Reserve to meet a higher demand
during droughts. In addition, the Moffat WTP is shut down during the winter months
unlike the action alternatives; therefore, Foothills and Marston WTPs would need to meet
Denver Water’s entire demand though the winter, resulting in higher reservoir releases
during the winter months.

As shown in Tables H-7.1 through H-7.3, annual outflow from Antero Reservoir changes
less than 300 AF on average. There would be relatively little change in Antero Reservoir
releases under the No Action Alternative because of the infrequency that Denver Water
uses Antero Reservoir. Releases are typically only made in the later stages of a drought.
Annual outflow from Eleven Mile Canyon and Cheesman reservoirs increases by less than
1,500 AF or 1% on average and in wet years. In dry years, annual outflow at Eleven Mile
Canyon and Cheesman reservoirs increases by 3,100 AF or 3%, and 16,800 AF or 12%,
respectively. Average annual releases from Cheesman Reservoir are approximately

7,500 AF more in dry years than under the action alternatives. Tables H-1.69 through
H-1.71 summarize average monthly outflow from Antero, Eleven Mile Canyon, and
Cheesman reservoirs for average, dry, and wet conditions. Changes in monthly average
outflow below Antero Reservoir would be relatively small and range up to about 4 cfs
(Table H-1.69). Changes in monthly average outflow below Eleven Mile Canyon Reservoir
would also be relatively small on average and in wet years (plus or minus about 10 cfs),
however, changes in monthly average outflow in dry years would range from a maximum
decrease of 7.4 cfs or 5% in May to a maximum increase of 34.5 cfs or 19% in August
(Table H-1.70). Monthly average outflow from Cheesman Reservoir would decrease up to
24.5 cfs or 5% in June and increase up to 16.2 cfs or 13% in November (Table H-1.71). In
dry years, monthly average outflow would decrease up to 10.0 cfs or 6% in October and
increase up to 66.9 cfs or 26% in September. In wet years, monthly average outflow would
decrease up to 21.3 cfs or 10% in October and increase up to 19.3 cfs or 2% in May.

Cheesman Reservoir to South Platte River at Waterton Gage. Denver Water’s direct
diversions and exchanges to Strontia Springs Reservoir and Conduit 20 would change under
the No Action Alternative primarily in response to a higher demand. As a result, South
Platte River flows at the Waterton gage would decrease primarily during summer months.
There would be little change in flows at Waterton gage in most winter months from
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October through March; however, flow decreases would occasionally occur from October
through December and March.

In the summer, Foothills and Marston WTPs would operate at higher rates under the No
Action Alternative because of the overall higher level of demand. Therefore, Denver
Water’s direct diversions at Strontia Springs Reservoir and Conduit 20 would increase in
response to higher demand in summer months. The greatest increases in direct diversions
would typically occur in the months of May through August. In addition, exchanges to
Conduit 20 would also increase in summer months for similar reasons. Because summer
diversions through Roberts Tunnel would generally be higher under the No Action
Alternative, more reusable effluent at the Metro WWTP and Bi-City WWTP would be
available for exchange. The increase in available reusable effluent combined with the
increased operation of Foothills and Marston WTPs in the summer, would result in
increased exchanges to Conduit 20 on average. The majority of additional exchanges
would occur from April through September.

As shown in Tables H-7.1 through H-7.3, annual flows at the Waterton gage would
decrease by 15,300 AF or 14% on average, 2,000 AF or 6% in dry years, and 20,900 AF or
7% in wet years respectively. Table H-1.72 summarizes average monthly flows at the
South Platte River at Waterton gage for average, dry, and wet conditions. Monthly average
flows would decrease up to 67.5 cfs or 30% in August. In dry years, monthly average flows
would decrease up to 15.0 cfs or 33% in April. In wet years, monthly average flows would
decrease up to 71.7 cfs or 15% in April.

South Platte River at Waterton Gage to South Platte River at Denver Gage. Monthly
outflow Chatfield Reservoir would decrease on average from October through March by up
to 6.4 cfs. Average monthly outflow in the remaining months would decrease up to

76.4 cfs in August. Flow reductions during the summer are considerably higher because
that is when the majority of additional direct diversions and exchanges would occur. As
shown in Tables H-7.1 through H-7.3, annual outflow from Chatfield Reservoir would
decrease by 17,100 AF or 14% on average, 3,700 AF or 17% in dry years, and 22,000 AF
or 6% in wet years, respectively. Table H-1.73 summarizes average monthly outflow from
Chatfield Reservoir for average, dry, and wet conditions. Monthly average outflow would
decrease by a maximum of 76.4 cfs or 35% in August. In dry years, monthly average
outflow would decrease up to 20.7 cfs or 50% in August and increase up to 5.9 cfs or 34%
in November. In wet years, monthly average flows would decrease up to 77.1 cfs or 4% in
June and increase up to 8.1 cfs or 12% in March.

Monthly flows at the Denver gage would decrease on average from April through
September and increase from October through March. Flows would decrease during the
summer due to increased demand and additional direct diversions and exchanges up to
Strontia Springs Reservoir and Conduit 20. The majority of the additional direct diversions
and exchanges would occur from April through September. Flows would increase during
the winter due to additional returns from indoor and outdoor water usage. There would also
be differences associated with changes in the amount and timing of water moved between
Strontia Springs, Chatfield, and Marston reservaoirs.

As shown in Tables H-7.1 through H-7.3, annual flows at the Denver gage would decrease
by 10,300 AF or 4% on average, increase by 4,900 AF or 5% in dry years, and decrease by
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14,600 AF or 3% in wet years, respectively. Table H-1.74 summarizes average monthly
flows at South Platte River at Denver gage for average, dry, and wet conditions. Monthly
average flows would decrease up to 64.5 cfs or 16% in August and increase up to 9.3 cfs or
7% in November. In dry years, monthly average flows would decrease up to 9.8 cfs or 6%
in August and increase up to 27.0 cfs or 30% in November. In wet years, monthly average
flows would decrease up to 67.6 cfs or 3% in June and increase up to 14.4 cfs or 6% in
March.

South Platte River at Denver Gage to South Platte River at Henderson Gage. In the reach
along the South Platte River between the Denver gage and Henderson gage, flows would
decrease on average compared to Current Conditions (2006), however, the reduction in
flow is less at the Henderson gage than at the Denver gage. The reduction in flow
decreases due to additional effluent returns at the Metro WWTP and return flows accruing
to the river due to Denver Water’s additional outdoor water usage.

Flows at the Henderson gage would generally increase on average during the fall and winter
months because there are additional indoor and outdoor return flows attributable to Denver
Water’s increased demands and additional direct diversions and exchanges up to Strontia
Springs and Conduit 20 are fairly minimal. The changes in flows from May through
September would be more variable with monthly flow increases ranging up to about

6,400 AF and decreases ranging up to about 33,500 AF.

As shown in Tables H-7.1 through H-7.3, annual flows at the Henderson gage would
decrease by 4,700 AF or 2% on average, increase by 6,000 AF or 5% in dry years, and
decrease by 9,800 AF or 1% in wet years, respectively. Table H-1.75 summarizes average
monthly flows at the Henderson gage for average, dry, and wet dry conditions. Monthly
average flows would decrease up to 53.7 cfs or 18% in April and increase up to 14.6 cfs or
2% in July. In dry years, monthly average flows would decrease up to 1.9 cfs or 3% in
December and increase up to 24.5 cfs or 12% in August. In wet years, monthly average
flows would decrease up to 177.9 cfs or 19% in April and increase up to 43.4 cfs or 3% in
July.

South Platte River Daily Flow Changes

As shown by the flow duration curves for the South Platte River, flow changes are
relatively small the majority of time (Figures H-5.25 through H-5.30). As shown in

Table H-6.8, flow changes of 100 cfs or less would occur at least 89% of the time at all
locations of interest along the South Platte River. Maximum daily flow reductions are
generally higher than the action alternatives, as shown in Table H-6.19. The maximum
daily flow reduction would range from 660 cfs below Antero Reservoir to 1809 at the
Denver gage. The maximum daily flow increase would range from 474 cfs below Eleven
Mile Canyon Reservoir to 700 cfs below Antero Reservoir. The difference in maximum
daily flow increases and reductions in comparison to the action alternatives is a function of
reservoir releases extending a few days longer or shutting off a few days earlier.

South Platte River South Platte River Floodplain

Changes in flood flows and floodplain extents along the South Platte River below
Cheesman Reservoir would be the same as for the Proposed Action with RFFAs.
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At the Denver gage, there would be no increase in annual peaks under the No Action
Alternative, compared with Current Conditions (2006) for recurrence intervals greater than
2.2 years. For events with recurrence intervals less 2.2 years, flood flows are generally
smaller for the No Action Alternative compared to Current Conditions (2006).

46.1.6.4 Combination Strategy

A qualitative assessment of the combination of using mandatory restrictions in addition to
depleting the Strategic Water Reserve was conducted for the No Action Alternative. The
following compares the hydrologic affects of the Combination Strategy with relying solely
on the Strategic Water Reserve.

In dry years, Denver Water would divert the maximum amount physically and legally
available under their existing water rights. Imposing restrictions would allow Denver
Water to decrease bypass flows on the West Slope, which would increase the amount
physically available for Denver Water to divert. If Denver Water diverts additional water
due to decreased bypass flows, flows would decrease on the West Slope. In addition, flows
could decrease in dry years if greater restrictions were imposed because less water would be
released from storage.

Imposing restrictions would generally have the impact of preserving more of the Strategic
Water Reserve; therefore, storage contents in Denver Water’s reservoirs would likely be
higher during a drought as compared to not imposing restrictions. Whether storage contents
are higher depends on several factors. The amount and location of water reserved in
storage would vary depending on the severity and duration of restrictions imposed, on
storage conditions in Denver Water’s North and South systems and on hydrologic
conditions. Since storage contents could be higher with restrictions after a drought, Denver
Water’s diversions into storage could be less and stream flows could increase for a short
duration after Denver Water’s reservoirs refill. However, this would not occur if a reservoir
is drained even with restrictions in place. Conversely, with greater restrictions, during a
drought stream flows would be less in some streams as Denver Water would decrease its
releases from storage and decrease bypass flows. In summary, if mandatory restrictions
were imposed in combination with depleting the Strategic Water Reserve, the following
hydrologic impacts are likely to occur:

e Steam flows would also decrease if bypass flows are decreased. For example, Denver
Water would divert additional water from the Fraser River in dry years if bypass flows
are reduced. This applies to several locations in the Fraser River Basin, the Blue River
below Dillon Reservoir, and along the South Platte River below Eleven Mile Canyon
Reservoir and Cheesman Reservoir, and at the Old Last Chance Ditch Diversion.

e Stream flows would increase along South Boulder Creek above Gross Reservoir if
bypass flows in the Fraser River Basin are decreased since more water would be
diverted through Moffat Tunnel.

e Stream flows could increase below Williams Fork Reservoir if additional releases are
required to replace out-of-priority diversions at Dillon Reservoir or through Moffat
Tunnel if bypass flows are reduced.
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e Following a drought, stream flows could be higher for a short duration if Denver Water
refills its reservoirs sooner. However, this would not occur if a reservoir is drained
even with restrictions in place.

e Reservoir contents would be higher during a drought; however, the combination
strategy does not guarantee the reservoirs would not be drained.
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4.6.2 Water Quality

The affected water quality environment is described for Current Conditions (2006) in
Section 3.2. This cumulative impacts analysis evaluates the changes in water quality due to
flow changes and reservoir operations associated with each Moffat Collection System
Project (Moffat Project or Project) alternative in 2032, when an action alternative would be
fully constructed and providing the full 18,000 acre-feet per year (AF/yr) of additional firm
yield (i.e., Full Use with a Project Alternative) combined with other reasonably foreseeable
future actions (RFFAS) and past actions such as stream diversions and water supply
projects. The total effects analysis also addresses stream segments downstream of the
Project area that are listed on the State of Colorado’s Section 303(d) or Monitoring and
Evaluation List (CDPHE 2012a), as well as segments with established total maximum daily
loads (TMDLs) (CDPHE 2012b).

As described in Section 3.2, the Project area is comprised of rivers and streams supporting
diverse watersheds and ecosystems ranging from pristine unregulated alpine watersheds at
the Continental Divide to heavily regulated systems at the lower-elevation areas where the
Colorado and South Platte rivers exit the Project area. Water management in these diverse
watersheds is affected by a wide range of human activities, including diversions (for
municipal, domestic, industrial, and recreational uses) and different types of return flows
(agricultural runoff, wastewater plant discharges, and storm water). The Project
alternatives considered in this Environmental Impact Statement (EIS) would alter stream
flows in the most ecologically sensitive sub-basins in average to wet years, not in dry years
and in low-flow periods of wetter years due to lack of water availability at existing
diversions during those times and due to existing legal constraints on additional diversions
during those times (bypass agreements). Therefore, the assessment of potential effects on
stream water quality was focused on the flow conditions that would exist at the times the
Project alternatives would be altering flows. The assessment methods were selected for
applicability to these conditions and for assessing effects on ecological resources and on
existing and potential future human uses and activities. In cases where Platte and Colorado
Simulation Model (PACSM) results indicate a change in flow greater than 10 percent (%),
discussion and/or evaluation is provided under each alternative.

Predicted effects on water temperature, nutrient levels, and wastewater permits are
evaluated for streams and reservoirs in the Project area. This section also includes a
detailed review of water quality issues within the Fraser River and its tributaries in
recognition of: (a) Current Conditions reflecting relatively extensive water withdrawals
and competing water uses; (b) potential ecological impacts in the vicinity of proposed
stream diversions; (c) potential effects on ability of the owners of existing Wastewater
Treatment Plants (WWTPs) to maintain compliance with their discharge permit conditions;
and (d) magnitude of agency and public comment on the Draft EIS.

Methods for Reservoir Water Quality Evaluation

Methods used to assess in-reservoir water quality for the reservoirs in the Project area are
summarized below. In some cases, water quality data collected subsequent to 2006 were
used to support analyses. This was done for several analyses conducted or revised in
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response to agency comments. Recent data were considered in cases where it was found to
provide critical additional information. Specifically, data subsequent to 2006 were
considered in development of the Fraser River Nutrient Model calibration targets,
assumptions for WWTP nutrient concentrations, the Shadow Mountain Reservoir dissolved
oxygen (DO) regression analysis, the Gross Reservoir temperature model, and assessment
of stream temperature changes below Gross Reservoir. Detailed descriptions of the
methods can be found in Section 4.6.2.1.

Gross Reservoir

Under the Proposed Action, the depth and capacity of Gross Reservoir would increase
substantially. For assessment of potential changes to in-reservoir water quality, results
from the Gross Reservoir Temperature Model (Hawley et al. 2013 in Appendix E-5) were
considered along with empirical relationships from Vollenweider (1976). The analysis is
described in detail in Section 4.6.2.1.1. Current Conditions (2006) and the Proposed Action
with RFFAs were evaluated and compared.

Grand Lake, Shadow Mountain Reservoir, and Granby Reservoir (The Three Lakes)

The Three Lakes have recently received considerable attention over possible water quality
changes resulting from any activity. To evaluate potential impacts on this system, an
existing water quality model was used. The Three Lakes Water-Quality Model

(AMEC 2008) was developed over a period of several years with involvement and review
of many stakeholders. This process-based model simulates nutrients, chlorophyll a, DO,
water clarity, and total suspended solids on a daily basis for each of the three water bodies.
The model is described further in Section 4.6.2.1.1. Current Conditions (2006) and each of
the Project alternatives with RFFAs were evaluated and compared.

All Other Reservoirs

Other reservoirs in the Project area include:

e Williams Fork Reservoir;

¢ Dillon Reservoir;

e Wolford Mountain Reservoir;

e Antero Reservoir;

e Eleven Mile Canyon Reservoir;

e Cheesman Reservoir;

e Strontia Springs; and

e Chatfield Reservoir.

Potential effects on the water quality of these reservoirs were assessed on a qualitative basis
consistent with the relatively limited changes that the Project alternatives with RFFAs
would have on the inflow, outflow, reservoir level, and residence times for these reservoirs.
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Methods for Stream Water Quality Evaluation

This subsection describes methods used to assess potential effects on stream water quality
throughout the very diverse Project area.

For each basin in the Project area, potential water quality changes resulting from the Moffat
Project alternatives with RFFAs were evaluated based on one or more of the following
categories depending on the ecological conditions and concerns in the basins and on
existing and potential diversions and return flows:

e Impaired Water Bodies — Potential to cause exceedances or contribute to potential
exceedances for (1) Regulation 93 constituents (the Monitoring and Evaluation List,
Impaired Water Body List [Section 303(d) List]), or (2) TMDLs

e Effects on Wastewater Treatment Plant Operations and Discharges — Potential to
affect the operations of existing WWTPs and for wastewater discharges to adversely
affect stream water quality due to reductions in dilutive flows

e Effects on Source Waters for Potable Water Systems — Potential to affect the quality
of source waters used by potable water systems or other potential site-specific effects

e Effects on Water Bodies — Potential to affect the quality of the water entering an
existing water body (such as changes in the quality of water imported from separate
river basin affecting the quality of water in the receiving water bodies)

The methods used to assess these four categories of effects are presented in four subsections
below. The following primary information sources were used to support these four types of
effects assessments:

e Water quality data as presented in Section 3.2 for sampling sites that are near or exceed
existing water quality standards listed in Colorado Department of Public Health and
Environment (CDPHE) Regulations

e PACSM hydrologic modeling results as presented in Appendix H and Section 4.6.1
e Completed and draft TMDLs as published on CDPHE’s website (CDPHE 2012Db)

e Colorado’s Section 303(d) and Monitoring and Evaluation Lists as presented in CDPHE
Regulation 93 (CDPHE 2012a)

e National Pollutant Discharge Elimination System (NPDES) permitted discharges as
listed in the U.S. Environmental Protection Agency’s (EPA’s) Enforcement and
Compliance History Online and Envirofacts databases (construction-related permits are
not evaluated, as these are temporary) (EPA 2007b, 2010a)

e Potable drinking water system information as published in EPA’s Envirofacts database
(EPA 2007c¢)

Impaired Water Bodies

Regulation 93 (CDPHE 2012a) lists impaired stream segments that identify parameter(s) of
interest for each segment. (See Section 3.2.0 of this EIS for explanations of the State of
Colorado Section 303(d) List and Regulation 93.) For these stream segments, CDPHE does
not identify sources of pollution nor do they specify potential methods for reducing
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parameter concentrations or loadings. For stream segments with TMDLs, the source of
pollution is identified, as well as methods to reduce or remove concentrations of the
pollutants. The source or potential source of identified pollutants is reviewed in terms of
2032 conditions where a potential change in pollutant concentration would occur as a result
of the Project alternatives with RFFAs.

Regulation 93 identifies temperature as a concern in a number of stream segments in the
upper Colorado River Basin. While water temperature in streams is influenced by many
factors, solar radiation directly affects heat exchanged between the water and the
atmosphere. Tributary temperatures, groundwater inflow and precipitation are also factors.
A number of studies have indicated that air temperature/solar radiation have the greatest
impact on stream water temperature. Additional factors include riparian vegetation
(shading and insulation), topographic shading, relative humidity, wind velocity, streambed
conductivity, and channel morphology (Katzenberger and Mason n.d.; Poole and Berman
2001; Bartholow 1989; Essig 1998; Amaranthus et al. 1989). Input data required by
temperature models, such as SSTEMP, include meteorological data (air temperature,
humidity, wind speed, and cloud cover), a shade factor, and physical parameters such as
flow and streambed dimensions (USGS 2010b). In sensitivity analyses using the Instream
Water Temperature Model (SNTEMP), Bartholow determined that stream flow was the
fourth most important variable affecting stream water temperature, after air temperature,
percent shade, and relative humidity (Bartholow 1989). Reductions in flow rates in a reach
of stream affect stream temperatures primarily by increasing the surface area of a stream in
relation to the volume of water in the reach. Riparian vegetation affects heat exchange
through shading, reduces wind velocity at the water surface, and provides an insulating
effect of air temperature at the water surface. Other influences on stream water temperature
include reduction of shade (for example, through disturbance of riparian vegetation from
livestock grazing or back erosion due to rapidly varying flow rates), increases in width-to-
depth ratio due to increased sedimentation or reduced flows, reduced flow due to upstream
diversions or storage and changes in vegetation, land use, or other conditions that alter
groundwater flows.

A review of approved TMDLs for water temperature in mountainous streams

(NMED 1999, 2002; UDEQ 2010) showed that loss of riparian vegetation, an increase in
sedimentation, and reduction of late summer flows were identified as contributors to
changes in water temperatures. In New Mexico, Best Management Practices (BMPs) to
increase riparian shade and reduce sedimentation concluded that increasing riparian shade
by 55 to 60% could result in meeting the stream standards in that setting.

Although many factors affect stream temperatures, focused investigations were conducted
in response to discussions with Cooperating Agencies (described in Chapter 6) to determine
whether single-variable regression analyses could be used to develop relationships to
predict changes in stream temperatures caused solely by: (1) changes in stream flows, and
(2) changes in air temperature. The following analyses were performed:

e Examination of potential relationship between air temperature and water temperature at
a number of stations

e Examination of potential relationship between flow and water temperature at a number
of stations
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e Examination of historical data for water temperatures near or above the stream standard
and associated flow at that time

These analyses are expected to be supplemented by dynamic stream temperature modeling
performed in support of the Clean Water Act Section 401 water quality certification process
administered by CDPHE separate from this EIS.

There are no predicted changes in geomorphology that are expected to directly affect stream
temperature. Changes in channel morphology could result from development and other
land use practices as well as additional sediment loading in streams. In these cases,
increased sediment loads would be the result of activities such as urbanization, bank
instability, loss of riparian vegetation (and corresponding stream shading), and/or grazing
practices. It is not anticipated that the Proposed Action or RFFAs would extend or increase
these practices and conditions. Furthermore, the sediment supply, which is related to flow
rates, would decrease rather than increase as a result of the Proposed Action with RFFAs.
Therefore, geomorphology as it relates to stream temperature is not discussed further.

An evaluation of the available water quality data was conducted in attempt to characterize
the seasonal fluctuations in existing water quality within the Project area to support
evaluations of how these fluctuations would relate to the operation patterns of the Moffat
Project alternatives. Based on this evaluation, it was concluded that sufficient water quality
data do not exist to appropriately characterize the seasonal fluctuations in existing water
quality within the Project area. The absence of representative seasonal water quality data
is, in large part, attributable to the fact that water quality sampling tends to occur in focused
efforts during specific periods of interest (e.g., low flow periods) rather than on a consistent
temporally distributed basis. Therefore, it was determined that this type of analysis would
not be feasible as part of this EIS.

Effects on Wastewater Treatment Plant Operations and Discharges

The Proposed Action with RFFAs could adversely affect the ability of wastewater plant
operators to maintain compliance with current and future discharge regulations due to
potential flow reductions and reduced dilutive capacity in the receiving streams.
Furthermore, changes in stream flow could drive changes in permit conditions. Evaluation
of potential impacts to wastewater dischargers was based on potential changes in low flows
at the discharge point. Evaluation of water quality for altered stream flows was evaluated
in two ways. For the Fraser River, nutrient concentrations have been modeled under
various conditions and are described in more detail later in this section. For the Fraser
River and the remaining basins, the percentages of stream flows that would be comprised of
treated effluent were estimated in accordance with CDPHE procedures and the impacts are
discussed. For other basins, where potential for increased nutrient loading would not be
significant, the loads were not evaluated explicitly, but the percent of the stream comprised
of wastewater effluent was evaluated.

The impact of potential future regulations, including nutrient regulation, was not quantified
as the final content of those regulations had not been released at the time of evaluation.
Regulatory changes currently being discussed would regulate nitrogen and phosphorus as
numeric criteria rather than the current narrative criteria. The proposed regulation changes
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for nitrogen and phosphorus would likely result in more stringent discharge criteria for
many WWTPs.

Effects on Source Waters for Potable Water Systems

Potable water providers could be impacted if changes in contaminant concentrations in
regulated drinking water parameters result from potential water transfers. These impacts
are discussed for potable water providers that use water sources from affected stream
segments in water basins within the Project area. For all alternatives, historical operational
patterns of water transfers through the Moffat and Roberts tunnels would be similar but the
quantity of water transferred would change. There is also potential for transfer of
organisms, including those pathogenic to humans, from importing surface waters. For
Alternatives 8a, 10a, and 13a, additional transfer of water would occur from the South
Platte River Basin, downstream of the Metro Wastewater Reclamation District Plant (Metro
WWTP). To ensure potable water quality standards, these three alternatives were
configured to include the Advanced Water Treatment Plant (AWTP) to remove potential
pathogenic organisms and chemical and physical contaminants.

Effects on Water Bodies

The quality of water bodies can be altered through changes in the quality of inflows to the
water body (or “source” waters). These potential effects were evaluated based on the
potential causes of change in source water quality. For increases or decreases in flows from
an imported source (for example, a trans-basin diversion tunnel), guidance was used from
the Antidegradation Significance Determination for New or Increased Water Quality
Impacts Procedural Guidance (CDPHE 2001). Per the guidance document, “In order to be
‘insignificant,” the new or increased discharge may not increase the actual instream
concentration by more than 15% of the available increment over the baseline.” For purposes
of this EIS, baseline is defined as ambient stream conditions as presented in Section 3.2.
Ambient stream quality was determined using CDPHE guidance for data quality,
specifically where data points covered multiple years with multiple samples per year. The
procedures and criteria used include:

e Guidance on Data Requirements and Data Interpretation Methods Used in Stream
Standards and Classification Proceedings. Water Quality Control Division, July
1993 (CDPHE 1993)

e Regulation No. 31. The Basic Standards and Methodologies for Surface Water.
Effective January 1, 2011 (CDPHE 2011a)

e Antidegradation Significance Determination for New or Increased Water Quality
Impacts. Procedural Guidance. Version 1.0. December 2001 (CDPHE 2001)

e Guidance on Data Requirements and Data Interpretation Methods Used in Water
Quality Standards and Classification Proceedings. Water Quality Control Division.
August 2004 (CDPHE 2004)

Stream water quality changes attributable to changes in tributary water quality inflows are
presented for each basin. Discussion is presented for potentially affected basins where
reservoir water quality changes would change water quality downstream of the reservoir.
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In general, groundwater quality changes would be negligible to minor (Section 4.6.4) for
the majority of the Project area. The South Platte River Basin received greater evaluation
due to the alluvial aquifer along the river as it exits the foothills. The South Platte River
Basin is highly urbanized from Chatfield Reservoir to Henderson downstream of Denver
where the river flow increases (gains) during low flow periods and flow decreases (loses)
during high flow periods. Potential impacts from water quality in low flow periods are
discussed in relation to possible changes of groundwater flow through potentially
contaminated areas. The “15% criteria” for determination of the significance of surface
water quality changes stated above also applies groundwater quality changes.

4.6.2.1  Proposed Action (Alternative 1a) with Reasonably Foreseeable Future
Actions

46.2.1.1 Reservoir Water Quality

Williams Fork Reservoir

Water quality within Williams Fork Reservoir is dependent on upstream water quality from
the Williams Fork River, and potential changes in reservoir operations, evaporation, and
water surface elevation. Flow into the Williams Fork Reservoir would change very little
between Current Conditions (2006) and Full Use with a Project Alternative with RFFAS
(2032). Water surface elevation is projected to change between 1 and 4 feet higher between
Current Conditions (2006) and Full Use with a Project Alternative with RFFAs (2032).
These changes, compared to the overall depth of the reservoir, are not anticipated to cause
water quality changes or changes in seasonal turnover.

Dillon Reservoir

Water quality within Dillon Reservoir is dependent on the upstream water quality from the
Blue River, and potential changes in reservoir operations, evaporation, and water surface
elevation. Water quality of the Blue River inflow or other tributary inflow would change
only negligibly under the Proposed Action with RFFAs. Variations in reservoir elevation
would be greater and remain at lower levels longer under Full Use with a Project
Alternative with RFFAs (2032) compared to Current Conditions (2006). This variation
would potentially affect reservoir water quality. Lower elevations and corresponding
reduced reservoir volume may increase phosphorus and nitrogen concentrations. This
would increase the chlorophyll a concentrations and reduce clarity. Future changes in
nutrient loadings from WWTPs are not known, however current wording in Regulation 71
promulgated by the CDPHE disallows increases in nutrient loadings. The impact
associated with the increased variation in reservoir elevation cannot be explicitly predicted
and would be heavily affected by future levels and potential reductions in nutrient loading
from WWTPs and non-point sources.

The elevation variations could also drive changes in discharge permits for those permitted
discharges into or very near to the reservoir. This change would affect the Town of Frisco
WWTP, the Snake River WWTP, and the Farmer’s Korner WWTP. The NPDES permit
for the Snake River plant provides for a mixing zone to comply with discharge regulations.
With changes in historic reservoir elevations, it is possible that the Snake River plant would
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be required to meet permit conditions at the end of the discharge pipe rather than at the
edge of the mixing zone. Dependent on the Snake River plant’s ability to optimize
treatment with existing processes, additional processes or process upgrades may be needed.
Alternatively, a longer discharge pipe that would provide for discharge into a mixing zone
at lower reservoir elevations would be needed. The Town of Frisco and Farmer’s Korner
WWTPs may also see similar changes in discharge permits due to changes in the mixing
zone as a result of projected variations in reservoir elevations. The impact associated with
the increased variation in reservoir elevation cannot be explicitly predicted as upgrades to
treatment plants may be needed to meet other, unrelated regulations and upgrades may be
either structural or process related.

Wolford Mountain Reservoir

Water elevations in Wolford Mountain Reservoir would decrease only slightly between
Current Conditions (2006) and Full Use with a Project Alternative with RFFAs (2032).
Water quality upstream of Wolford Mountain Reservoir would not be affected by the
Proposed Action with RFFAs. Water quality in Wolford Mountain Reservoir would not
change due to the Proposed Action with RFFAs.

Gross Reservoir

RFFAs are not likely to have any cumulative effects on water quality at Gross Reservoir
beyond those associated with the Moffat Project alternatives, because no major actions that
would impact water quality are planned in this area. No new or proposed residential
development is projected in the area and private development opportunities are limited
since the reservoir is primarily surrounded by U.S. Forest Service land and Boulder County
Open Space. Additionally, other development projects in the area would also be required to
implement stormwater management measures to minimize impacts to water quality.

It is anticipated that inundation of new areas could cause minor to moderate changes to
water quality during initial filling operations and, potentially, for several years thereafter.
These changes could include increased total organic carbon (TOC) concentrations and
increased productivity (algal growth). These short-term changes due to inundation of new
areas could also include increases in methylmercury (MeHg). This is relevant because
Gross Reservoir is currently on the Monitoring and Evaluation List for mercury
concentrations in fish tissue (CDPHE 2012a). No long-term adverse impacts were
identified for water quality within Gross Reservoir (see the discussion of Aquatic
Biological Resources impacts presented separately in Section 4.6.11). Analyses supporting
these statements regarding water quality are presented in the following subsections,
organized as follows:

e Effects on Trophic State of Gross Reservoir, and
e Effects on MeHg Concentrations.
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Effects on Trophic State of Gross Reservoir

Analysis of available data and literature was conducted to evaluate whether the reservoir
expansion under the Proposed Action could result in long-term changes to the trophic state
of Gross Reservoir. EPA defines trophic state as an indication of the biological
productivity of a lake, primarily in the form of algae
(http://www.epa.gov/greatlakes/glossary/Glossary.html). Chlorophyll a concentrations® in
Gross Reservoir are generally low, ranging from 1.0 to 7.4 micrograms per liter (ug/L) in
recent years, as shown in Figure 4.6.2-1. Gross Reservoir is currently a borderline
oligotrophic/mesotrophic system, based on average summertime chlorophyll a
concentrations compared to the Carlson Trophic Index (Carlson 1977).

Figure 4.6.2-1
Chlorophyll a Concentrations Observed in Gross Reservoir,
Peak Annual Concentration Dates Noted
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To gain an understanding of the potential changes in factors affecting the trophic state of
Gross Reservoir that might result from the Proposed Action with RFFAs, anticipated
changes to the following two key factors were considered:

e Nutrient Concentrations, and
e Epilimnetic Temperatures.

The highest algal concentrations tend to be observed during the first sampling event (in May or June), which could be a response to
inflow of nutrients accompanying snowmelt runoff. Note that the peak occurred later in 2012, a year with minimal snowmelt runoff and
a relatively late first sampling event (i.e., July 3). Also note that there is uncertainty about current winter algal dynamics, since sampling
tends to cover May through October.
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The analysis concludes that long-term productivity in the reservoir would remain the same
or decrease as a result of the Proposed Action, thereby causing no eutrophication.
Discussions of long-term effects of each of the key factors potentially affecting trophic state
are presented below.

Nutrient Concentrations — Nutrients can play an important role in determining
productivity and corresponding trophic state of a reservoir. Nutrient concentrations were
evaluated by review of inflow concentration through use of the VVollenweider (1976)
relationship, and in terms of potential changes to internal loading. All of these analyses
suggested that nutrient concentrations in Gross Reservoir would likely remain the same or
decrease with the Proposed Action with RFFASs (as compared to Current Conditions).
These analyses are described below.

Inflow Nutrients — Inflow nutrient concentration data were reviewed to assess whether the
concentrations could be expected to change in the future with changes to relative
contributions from South Boulder Creek and the Moffat Tunnel. First, the relative mixture
of native South Boulder Creek and Moffat Tunnel inflows to Gross Reservoir is not
expected to change greatly. Under Current Conditions (2006), Moffat Tunnel diversions
make up approximately 56% of the inflow to Gross Reservoir (average over the entire
45-year PACSM simulation). Under the Proposed Action, Moffat Tunnel diversions would
make up approximately 61% of the inflow to Gross Reservoir (average over the entire
45-year PACSM simulation), corresponding to a 5% change. As discussed in Section 3.2,
no change in water quality in the Moffat Tunnel, relative to historical conditions, is
expected with the Proposed Action. As such, inflow water quality concentration changes
(including nutrients) are not anticipated.

In an effort to assess the potential change in nutrient concentrations more directly, nutrient
concentrations for the two sources (Moffat Tunnel water and native South Boulder Creek
water) were compared. The available dataset for comparison of nutrient concentrations is
somewhat limited. There are no data available for nitrogen concentrations or phosphorus
subspecies, so the analysis focused on total phosphorus concentrations. There were

12 measurements of total phosphorus taken directly from the Moffat Tunnel water between
2009 and 2011, but there were no paired measurements of total phosphorus collected on
South Boulder Creek upstream of Gross Reservoir on the same days to facilitate
comparison. Between 2005 and 2007, however, nine pairs of measurements of total
phosphorus were taken on South Boulder Creek just above and below the East Portal of the
Moffat Tunnel. Measurements of flow were made at the same time as the total phosphorus
measurements, so a mass balance approach was used to estimate Moffat Tunnel phosphorus
concentrations. These data, as well as the observations from the Moffat Tunnel between
2009 and 2011, are shown in Figure 4.6.2-2. Non-detect data are plotted at a value equal to
half of the detection limit (detection limit = 4 pg/L).

When the concentrations from the nine paired samples are compared statistically (using a
two-sample Kolmogorov-Smirnov test? with two-sided alternative hypothesis at the 95%
level), results indicate that these two sets of measurements are not statistically
distinguishable. If the same test is carried out with a one-sided alternative hypothesis to

%A two-sample Kolmogorov-Smirnov test is a nonparametric statistical test of two datasets that assesses a null hypothesis that the two
datasets are drawn from the same distribution.
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analyze the probability that the Moffat Tunnel phosphorus concentrations are higher than
those in native South Boulder Creek water, the high p-value (0.89) indicates that there is a
very low probability (11% chance) that the Moffat Tunnel concentrations are higher.
Inclusion of the non-paired direct measurements made in the Moffat Tunnel between 2009
and 2011 in the Moffat Tunnel dataset (with, or without the mass balance-inferred
concentrations) further decreases the probability that Moffat Tunnel phosphorus
concentrations are higher than native South Boulder Creek concentrations.

Figure 4.6.2-2
Total Phosphorus Observations from 2005 through 2011
(From the Moffat Tunnel and From South Boulder Creek Near the Moffat Tunnel)
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Based on this analysis, there is no statistical difference in nutrient concentrations from the
Moffat Tunnel and from native South Boulder Creek flows. Combined with the relatively
small anticipated change in mixing ratios (5% increase in the Moffat Tunnel portion of flow
into Gross Reservoir), no changes in inflow concentrations are anticipated.

Vollenweider Relationship

Per agency comments received on the Moffat Project Preliminary Final EIS (CDPHE
2012d), the Vollenweider (1976) relationship was applied to estimate changes to
in-reservoir phosphorus concentrations with the Proposed Action changes to inflow loading
and reservoir size. Vollenweider (1975 and 1976) relationships are not appropriate for
application to all systems, and have an underlying assumption of phosphorus limitation
when applied to trophic assessment; however, in response to CDPHE requests, these
calculations were performed and included in the Final EIS. Assuming an inflow
concentration of 14.7 pg/L total phosphorus (based on an average of all data from Pinecliffe
from 2009 through 2012, setting non-detect results to half the detection limit), the following
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relationship was used to estimate in-reservoir phosphorus concentrations for Current
Conditions and the Proposed Action with RFFAS:

L 1
p=-F|——|x 1000
sy 4 lli
Vs
Where:
P = in-reservoir phosphorus concentration (ug/L)

L, = aerial phosphorus loading rate (grams per square meter per year [g/m?/yr])

gs = surface overflow rate (z/1)

t = hydraulic residence time (year)

z = mean depth (meters)

Note that the areal phosphorus load would decrease with the Proposed Action with RFFAs
when compared to Current Conditions (2006), due to a larger reservoir surface area. As

shown in Table 4.6.2-1, this simplified approach predicts a small decrease in average
phosphorus concentrations in the reservoir under the Proposed Action with RFFAS.

Table 4.6.2-1
Vollenweider Calculations Estimating Relative Change
in Phosphorus Concentrations in Gross Reservoir

Parameter Current Conditions Proposed Action with RFFAs
(2006) (Alternative 1a)
Hydraulic Residence Time (t, years) 0.25 0.72
Average Depth (z, meters) 27.62 40.28
Surface Overflow Rate (gs, m/yr) 110.8 56.3
Average Surface Area (m?) 1,214,100 2,687,208
Areal Phosphorus Load (L, gP/m?lyr) 1.6 0.8
In-reservoir Phosphorus Concentration
10 8
(g/L)

Source: Vollenweider, 1975.
Notes:

pg/L = micrograms per liter

g/m’lyr = grams per square meter per year
m? = sguare meters

m/yr = meter per year

Internal Loading of Nutrients — Internal loading of nutrients occurs when nutrients stored
in organic matter and sediments at the bottom of a reservoir are released into the water
column. Rates of internal loading increase sharply if anoxic conditions develop at the
sediment-water interface. Internal loading rates are also positively correlated with
temperature at the sediment-water interface. Increased internal loading of nutrients could
affect trophic state by increasing productivity within the reservoir, so the potential for
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increased internal loading was assessed through consideration of DO concentrations and
temperatures at the bottom of the reservoir.

DO profile data are collected in Gross Reservoir; however, the profiles do not extend to the
bottom of the reservoir at the location near the dam. Still, though the bottom of the profiles
at this location tend to be tens of feet from the sediment-water interface, they are well
within the hypolimnion and provide an indication of oxygen conditions at depth. The
lowest concentration observed at the deepest point in the profile near the dam was

6.1 milligrams per liter (mg/L) on October 11, 2010, at a depth of 180 feet (55 meters).
Based on this and the relatively low productivity of the reservoir as indicated by low
chlorophyll a concentrations, low DO concentrations at the sediment water interface are not
expected to occur. Further, since inflowing organic matter and nutrient concentrations are
not expected to increase, there is no expectation that anoxic conditions will develop in the
long term with implementation of the Proposed Action with RFFAs.

Results from the hydrodynamic and temperature model of the reservoir (Hawley et al. 2013;
presented in Appendix E-5) indicate that temperatures at the sediment-water interface are
expected to generally decrease in response to changes associated with the Proposed Action,
especially through the months of summer stratification. This decrease in temperature at the
bottom of the reservoir could further slow reactions leading to internal loading of nutrients.
Based on this analysis, long-term internal loading is expected to remain low or further
decrease with implementation of the Proposed Action with RFFAs. Further, with the
increased volume of the reservoir for the Proposed Action, any internally-loaded nutrients
would be more diluted following turnover, resulting in reduced effects on trophic state for
the Proposed Action with RFFAs, relative to Current Conditions.

Epilimnetic Temperature — Changes in epilimnetic temperature could affect the trophic
state of Gross Reservoir because algal growth rates can increase with water temperature.
Results from the hydrodynamic and temperature model of the reservoir (Hawley et al. 2013;
presented in Appendix E-5) were evaluated to assess potential changes to epilimnetic water
temperatures. Simulated in-reservoir temperature profiles for the Proposed Action with
RFFAs, as compared to Current Conditions show that the key in-reservoir thermal effect of
the expansion would be an increase in the depth (and volume) of the hypolimnion during
summer stratification. For the Proposed Action expanded reservoir, the depth of the
epilimnion did not change, though the timing of onset of stratification and turnover varied.
Specifically, stratification tended to begin later for the expanded reservoir, and fall turnover
occurred later. The shift in the summer stratification period was on the order of a month or
more for the two years simulated. This effect is shown in simulated profiles from the
modeling segment adjacent to the dam (Figure 4.6.2-3).
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Figure 4.6.2-3
Simulated Profiles for 1971 with 2012 Meteorology, Near Gross Reservoir Dam
May 30 July 27
0 0 o -
S e Qi e
50 50 ; 4]
100 100 !
150 150
£ 200 £ 200
£ £ E
g 250 é g 250 E
300 [ICurrent Conditions 300 L
[ Current Conditions
330 o Altla 350 I
400 400 e Alt 1a H
450 450 : :
0 4 8 12 16 20 24 0 a4 8 12 16 20 24
Temp (°C) Temp (°C)
October 18 November 17
0
= 0 =1
50 = =
.£ ; 50 E
100 H £
:.0 E 100 5
150 : B 150 =
= s £ — =
E 20 : H £ 200 =
B 5 £ =
& 250 8 250 =
300 [ C t Conditi
I Current Conditions 300 CCurrent Londitions |
350 = L
A1 350 e Altla
® Altla
400 [ 400
450 T T T 450
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Temp (°C) Temp (°C)

Figure 4.6.2-4 presents the times-series epilimnetic water temperatures for the Current
Conditions and Proposed Action with RFFAs simulations. This figure shows that
epilimnetic water temperatures are simulated to be cooler for the expanded reservoir from
roughly February through June and part of July (covering the period of currently observed
peak algal concentrations). In July and part of August, epilimnetic waters could be a couple
of degrees warmer or slightly cooler (for the two years simulated). By mid-August through
January, epilimnetic waters would be slightly warmer for the Proposed Action with RFFAs
as compared to Current Conditions. Peak epilimnion temperatures may change slightly
(i.e., increase or decrease from year to year). Based on these findings, there could be a shift
in the timing of the peak observed algal concentrations, since temperatures would be cooler
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at the top of the reservoir in May and June. Increased algal growth, however, is not
expected since peak temperatures change much less than 1 degree Celsius (° C) (increasing
slightly in some years and decreasing slightly in others).

Figure 4.6.2-4
Simulated Gross Reservoir Water Temperature at 3-Foot Depth Near Dam,
1971 and 1972, 2012 Meteorology
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Effects on Methylmercury Concentrations — Under the Proposed Action, the full pool
footprint of Gross Reservoir would more than double in size. This expansion would
inundate currently vegetated areas. As described in Chapter 2, this impact would be
minimized by removal of trees and vegetation around the reservoir rim prior to initial
filling; however, there would still be some organic material present during filling. This
organic material would decay over time following inundation, resulting in consumption of
DO, and release of organic matter and nutrients to the reservoir. These inundation effects
are expected to minor to moderate, and not expected to exert long-term effects. There is
also the potential that inundation of currently vegetated areas could influence mercury
methylation (Bodaly 1997).

Gross Reservoir is currently on the Monitoring and Evaluation List for mercury
concentration in fish tissue (CDPHE 2012a). Transient increases in mercury concentrations
in fish tissues have been observed to peak and then gradually subside following
impoundment of new reservoirs (Bodaly 1997). Most mercury in fish tissue is MeHg, so an
understanding of the factors that influence MeHg concentrations is important for analysis of
potential changes in concentration of mercury in fish tissue. Food web dynamics can also
play a role in the accumulation of MeHg in fish. Rates of mercury methylation and
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demethylation are highly dependent upon redox potential (Compeau 1984). Higher redox
potentials tend to result in increased demethylation, and lower redox potentials tend to
result in increased methylation. Lower redox potentials in lakes occur primarily in response
to increased decomposition of organic matter, so factors affecting rates of organic matter
decomposition were considered to assess the potential for long-term effects.

Based on the analysis of long-term trophic state effects (above), organic matter
concentrations are expected to remain the same or decrease, and DO minima at the bottom
of the reservoir are expected to remain the same or increase. This suggests less favorable
long-term conditions for mercury methylation under the Proposed Action with RFFAs, as
compared to Current Conditions (2006). In the short term, however, there may be some
organic matter present at the bottom of the newly inundated areas, though efforts would be
made to minimize the mass of this material as described in Chapter 2. This material would
decay and would likely produce conditions conducive to mercury methylation beyond those
of the current configuration. As a result, there may be a temporary increase in MeHg
concentrations in fish tissue in response to the proposed enlargement. This increase is not
expected to be a long-term increase, but instead a temporary, post-inundation phenomenon
that peaks in the years following the expansion and subsides over subsequent years. The
duration of the effect is uncertain.

Antero Reservoir

Reservoir elevations would remain similar under Full Use with a Project Alternative with
RFFAs (2032) as under Current Conditions (2006). Additionally, water quality upstream of
Antero Reservoir would not change. Therefore, water quality in Antero Reservoir would
not change as a result of the Proposed Action with RFFAs.

Eleven Mile Canyon Reservoir

Reservoir elevations would remain similar under Full Use with a Project Alternative with
RFFAs (2032) as under Current Conditions (2006). Additionally, water quality upstream of
Eleven Mile Canyon Reservoir would not change. Therefore, water quality in Eleven Mile
Canyon Reservoir would not change as a result of the Proposed Action with RFFAs.

Cheesman Reservoir

Reservoir elevations would remain similar under Full Use with a Project Alternative with
RFFAs (2032) as under Current Conditions (2006). Additionally, water quality upstream of
Cheesman Reservoir would not change. Therefore, water quality in Cheesman Reservoir
would not change as a result of the Proposed Action with RFFAs.

Strontia Springs and Chatfield Reservoirs

Water quality within both reservoirs is dependent on upstream water quality from the South
Platte River, water deliveries through Roberts Tunnel, and/or changes in reservoir
operation, evaporation, and water surface elevation. The South Platte River water quality
changes would occur from upstream changes in copper, iron, and nickel content in the
North Fork South Platte River. These changes in upstream water quality occur seasonally
with yearly loading similar to Current Conditions (2006). Therefore, some changes on a
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seasonal basis would occur in both reservoirs, but loading changes on an annual basis
would not change as compared to Current Conditions (2006).

Strontia Springs Reservoir would have significant changes in end-of-month volume.
However the average residence time would be just over a month with little change between
Full Use with a Project Alternative with RFFAs (2032) and Current Conditions (2006).
Therefore, there would be no change in water quality between Full Use with a Project
Alternative with RFFAs (2032) and Current Conditions (2006).

Nitrogen and phosphorus would be the water quality parameters of concern in Chatfield
Reservoir. The total annual phosphorus loadings from the South Platte River would
increase between Full Use with a Project Alternative with RFFAs (2032) and Current
Conditions (2006) due to increases in annual deliveries through Roberts Tunnel. However,
the majority of those increased deliveries are diverted to the Foothills Water Treatment
Plant (WTP), so the total phosphorus loading would not change substantially. CDPHE
Regulation 73 does not include water deliveries through Roberts Tunnel as related to the
annual phosphorus loading to Chatfield Reservoir. Any phosphorus loading to North Fork
South Platte River through Roberts Tunnel is regulated via Regulation 71, Dillon Reservoir
Control Regulation (CDPHE 2007b). Seasonal phosphorus loading would vary due to
seasonal changes in deliveries through Roberts Tunnel. Because Chatfield Reservoir is
primarily a flood control reservoir with a relatively stable reservoir pool, inflow and
outflow variations from historical conditions would not change water quality appreciably
from the existing quality.

Granby Reservoir, Shadow Mountain Reservoir, and Grand Lake (Three Lakes)

The methodology used to predict water quality for Granby Reservoir, Shadow Mountain
Reservoir, and Grand Lake relied on use of the Three Lakes Water-Quality Model
(AMEC 2008). The original model was enhanced and updated for use in the Windy Gap
Firming Project (WGFP) and is documented in a separate report (Reclamation 2008). The
model was subsequently used to evaluate Current Conditions and Full Use with a Project
Alternative with RFFAs (2032). The model, its application for this effort, and model
results are described below.

Three Lakes Water-Quality Model

The Three Lakes Water-Quality Model is a dynamic, mechanistic model that simulates
water quality on a daily basis. In the model, impacts of inflows, outflows, settling, and
constituent transformations are described using differential equations based on lake and
reservoir processes. Because the model is mechanistic, versus empirically-based, it can be
used to predict water quality conditions under a variety of situations that differ from what
has happened historically. The Three Lakes Water-Quality Model has been developed to
simulate flow and water quality of Granby Reservoir, Shadow Mountain Reservoir, and
Grand Lake in an integrated fashion. This is an important feature because of the
interdependencies between the three water bodies and their relation to Colorado-Big
Thompson (C-BT) operations.

The Three Lakes Water-Quality Model characterizes Grand Lake and Granby Reservoir as
three-layer lakes. Both have an epilimnion, metalimnion, and hypolimnion during the
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stratified period and the water quality of each layer is assumed to be uniform throughout
each layer. The model mixes the three layers during non-stratified portions of the year.
The thickness of Granby Reservoir’s hypolimnion varies over time as the total content
changes. Because the surface water elevation of Grand Lake is constant, the thicknesses of
all three layers remain constant.

Although Grand Lake and Granby Reservoir are deep and strongly stratify in the summer,
Shadow Mountain Reservoir is shallow and does not strongly stratify because of a high
level of periodic mixing (from wind and advection). As such, Shadow Mountain Reservoir
is characterized as having a single, well-mixed layer in the model.

The Three Lakes Water-Quality Model considers inflowing tributaries, water pumped into
the system, miscellaneous gains, precipitation, releases and losses from the system, and
interflows between the three water bodies. Table 4.6.2-2 lists the modeled inflows and
outflows of the Three Lakes system. This list does not include the inter-reservoir flows
between the three lakes.

Table 4.6.2-2
Inflows Into and Outflows From the Three Lakes System
for the Three Lakes Water-Quality Model

Granby Reservoir Shadow Mountain Reservoir Grand Lake
Arapaho Creek
Stillwater Creek

Roarlng_Fork North Fork Colorado River North Inlet
Inflows Columbine Creek Precipitation East Inlet
Windy Gap Pump Canal P Precipitation

. Miscellaneous Gains . .
Willow Creek Pump Canal Miscellaneous Gains

Precipitation
Miscellaneous Gains

Outflows to the Adams
Releases to the Colorado .
Outflows ; . Evaporation Tunnel
River Evaporation .
Evaporations

The flows listed in Table 4.6.2-2, along with flows through the Farr Pumping Plant are
model variables, entered as an input on a daily basis. Model input also includes the lake
layer in which an inflow is entering or an outflow is releasing. The hydrologic portion of
the model then performs a mass balance for each reservoir and each layer on a daily basis,
accounting for the quantity and direction of flow. The model uses the elevation-area-
capacity relationship for Granby Reservoir layer contents. Therefore, although the
epilimnion thickness is fixed, the contents of the epilimnion change over time as the surface
water elevation varies. The contents of each reservoir and layer are computed on a daily
basis. Model segmentation, inflows, and outflows are shown in Figure 4.6.2-5.
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Figure 4.6.2-5
Three Lakes Water-Quality Model Schematic
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The Three Lakes Water-Quality Model simulates the water quality of each lake or reservoir
layer over time on a daily basis. Constituents simulated include:

Phosphorus — Orthophosphate, organic phosphorus, and total phosphorus;
Nitrogen — Ammonia, nitrate, organic nitrogen, and total nitrogen;
Chlorophyll a;

Secchi-disk depth;

Dissolved oxygen; and

Total suspended solids.

The majority of the algorithms used in the model are described in Chapra (1997). The
details of the algorithms used can be found in AMEC (2008). Major assumptions and
limitations of the Three Lakes Water-Quality Model include:

1. Granby Reservoir and Grand Lake can be represented by three homogeneous layers and

Shadow Mountain Reservoir can be represented by one homogeneous layer. Therefore,
vertical and lateral variations in water quality constituents within a layer cannot be
predicted. In addition, all inflows of water and associated water quality constituents
entering a layer are instantaneously dispersed throughout that layer.

The physical, chemical, and biological dynamics in a lake or reservoir can be described
using the principle of conservation of mass. The model considers: (a) mass added by
inflows, (b) mass removed via outflows, (c) the diffusion of mass, and (d) changes in
concentrations caused by processes such as settling, transformations caused by
reactions, growth, respiration, grazing, etc.
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3. Complex chemical and biological processes can be represented by equations
incorporating simplified kinetic formulations.

4. Simulations are based on average daily conditions. Therefore, changes that occur
within a day (e.g., turning a pump on mid-day) cannot be captured.

The model was calibrated using measured data from the period of October 1, 2005, to
September 30, 2006. This period was chosen to take advantage of the data collected by
U.S. Department of the Interior, Bureau of Reclamation (Reclamation) for the C-BT
Nutrient Study (NCWCD 2007). Calibration was based on one index site per water body —
GR-DAM for Granby Reservoir; SM-MID for Shadow Mountain Reservoir, and GL-MID
for Grand Lake. The calibration process involved determining appropriate parameters such
as reaction rates and diffusion coefficients for the Three Lakes. Results from the
calibration process can be found in Reclamation (2008).

Model Application

In order to evaluate potential Project impacts, the calibrated model was used to predict
water quality conditions for Current Conditions (2006) and for each alternative. Flows
were based on PACSM results and methods using historical data for the inflowing
tributaries. Inflow concentrations for Stillwater Creek, North Inlet, East Inlet, the North
Fork Colorado River, Arapaho Creek, and the Willow Creek Pipeline were estimated using
historical median concentrations for the month under consideration. Concentrations for the
Roaring Fork and Columbine Creek were assumed to be the same as Arapaho Creek
because no data were available for these tributaries and each has a less-developed
watershed. Concentrations in the Windy Gap Pipeline were based on a mass balance above
Windy Gap Reservoir using predicted concentrations at the mouth of the Fraser River, as
determined by the Fraser River Water-Quality Model (see Section 4.6.2.1.2). The Three
Lakes Water-Quality Model was used to simulate a 15-year period (WY75-WY89), which
was found to be statistically similar to the 47-year simulation period for the WGFP water
resource model (Thompson 2005). The smaller time horizon (15 years versus 47 years)
was used to reduce model run time.

Model Results — Predicted In-Reservoir Concentrations

Model results are described below. First, predictions of average in-lake/reservoir
concentrations are described by hydrologic year type. Second, model results for Shadow
Mountain Reservoir DO are translated to estimate impacts in the mixed layer at a location
of key concern from a standards assessment perspective (SM-DAM).

Predicted in-reservoir concentrations from the Three Lakes modeling effort are summarized
in Table 4.6.2-3. Note that the concept of “year type’ in Table 4.6.2-3 varies slightly from
that used in the water resources section of this EIS. Although from a hydrologic standpoint,
years are categorized by ‘water year’ (October-September), the results in this section are
reported on a calendar year basis (January-December). This is done because, from a water
quality perspective, important dynamics that occur in the later part of the calendar year
(into the October-December period) are generally a result of operations and hydrology that
occurred in the earlier part of the calendar year. For example, in 1977, the minimum
hypolimnetic DO in Grand Lake occurs in early October, before turnover. This minimum
concentration is in response to low inflows in the spring/summer of 1977, though low
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runoff is typically set up by minimal snowfall the preceding winter. If the DO results were
reported on a water-year basis, that minimum DO value would be associated with WY 1978,
an average hydrologic year. Reporting the results on a calendar-year basis maintains a
better connection between the causes of the response and the response itself.

Results for nutrients, chlorophyll a, DO, total suspended solids, and water clarity are
reported below. Using the Carlson Trophic State Index (Carlson 1977) and values in
Table 4.6.2-3 for average chlorophyll a, all three water bodies would be considered
mesotrophic under Current Conditions (2006) and Full Use with a Project Alternative
(2032). For all three water bodies in general, percent changes for wet year conditions are
the highest. Wet years are also the years with the largest increases in nutrient loads for the
Proposed Action as compared with Current Conditions. Although percentage changes are
highest for epilimnetic total phosphorus (12 to 35%), the predicted increases are in the 1 to
3 Hg/L range.

The importance of nutrient (a causal variable) increases lies in resultant effects on
chlorophyll a concentrations, DO, concentrations, and water clarity (response variables).
Increases in average annual chlorophyll a concentrations and average annual peak
chlorophyll a concentrations are predicted to be less than 1 pg/L for all three water bodies.
With respect to hypolimnetic DO, Grand Lake and Shadow Mountain Reservoir are
expected to decrease slightly (0.1 mg/L or less than 2%). Average and wet year conditions
for Granby Reservoir, however, are expected to result in up to a 12% (0.5 mg/L) decrease
in hypolimnetic DO. Secchi depth changes are expected to be highest in Grand Lake, with
decreases up to 0.4 meter for an annual average. Annual average Secchi depths in Granby
Reservoir and Shadow Mountain Reservoir are predicted to decrease by 0.2 meter or less.

The analysis described above focuses on nutrients, water clarity, DO, and food-web
dynamics. A water quality condition of concern in the Three Lakes area not addressed
directly though the Three Lakes Water-Quality Model is the level of mercury in fish tissue.
Granby Reservoir is on the current Section 303(d) List as being impaired for aquatic life
use based on mercury concentrations in fish tissue. Bioaccumulation of MeHg can occur
when concentrations of MeHg increases in the water column. It is anticipated that the
Proposed Action would not result in any additional loadings of mercury to Granby
Reservoir via atmospheric deposition (typically a dominant source to water bodies) or
inflowing tributaries. The rate of methylation (the rate of conversion from total mercury to
MeHg — the more toxic form), however, could be impacted.

Methylation rates in lakes and reservoirs have been tied to DO concentrations. Low DO
can enhance methylation in the sediments, MeHg fluxes from the sediment, and
methylation in the water column. Model results (Table 4.6.2-3 below) show a hypolimnetic
DO decrease of up to 12% for Granby Reservoir under the Proposed Action with RFFAS.

Results from recent studies conducted in Colorado, however, indicate that increases in
nutrients can result in reductions in mercury concentrations in biota (Lepak 2013). Higher
nutrient concentrations can result in increases in phytoplankton and zooplankton. A higher
amount of biomass is then available to accumulate the mercury. This phenomenon has
been referred to as “bloom dilution” (Pickhardt et al. 2002; Chen and Folt 2005). The
Proposed Action is predicted to result in increased nutrient concentrations in Granby
Reservoir (Table 4.6.2-3 below).
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Table 4.6.2-3
Model Results for the Three Lakes System
(Calendar Years 1975 to 1988%)

Grand Lake Shadow Mountain Reservoir Granby Reservoir
Full Use Full Use Full Use
with a with a with a
Year Current Project Percent Current Project Percent Current Project Percent
Type Conditions | Alternative Chanae Conditions | Alternative Change Conditions | Alternative Change
(2006) with g (2006) with Y (2006) with g

RFFAs RFFAs RFFAs

(2032) (2032) (2032)
Average Epilimnetic Total Nitrogen (ug/L)
f(‘;’;:age 258 273 6% 278 298 % 296 321 8%
Dry
Year 279 292 5% 298 314 5% 304 321 6%
Wet
Year 241 254 6% 262 280 7% 295 321 9%
Average Epilimnetic Total Phosphorus (ug/L)
é‘efzrrage 6 8 24% 10 13 22% 11 13 24%
Dry 0, 0, 0,
Year 8 9 14% 12 13 12% 10 12 14%
\\/(\f;r 5 7 25% 9 12 25% 10 14 35%
Average of Annual Minimum Dissolved Oxygen (mg/L) at Bottom?
puerage | 59 5.9 1% 71 7.1 1% 42 39 8%
Dry 0, 0, 0,
Year 6.5 6.4 0% 7.0 6.9 -1% 4.7 4.7 1%
\\/(\ge;r 5.3 5.2 -1% 7.1 7.1 0% 45 4.0 -12%
Average Epilimnetic Chlorophyll a (ug/L)
f(“efzrrage 35 3.9 12% 41 43 5% 3.1 3.2 2%
Dry
Year 3.8 4.0 6% 4.1 4.2 1% 3.3 3.3 0%
o 32 338 17% 40 44 9% 3.2 3.3 3%
Average of Annual Maximum Epilimnetic Chlorophyll a (ug/L)
fQuerage | 49 5.6 12% 5.6 6.2 11% 46 48 3%
Dry 0, 0, 0,
Year 5.0 52 4% 5.6 5.8 3% 4.7 4.8 2%
\\/(\ge;r 4.2 5.1 23% 6.1 7.0 16% 49 5.1 6%
Average Epilimnetic Total Suspended Solids (mg/L)
f(“efzrrage 1.6 1.8 8% 1.8 2.0 7% 2.3 25 9%
\D(?;r 1.8 1.9 5% 21 2.1 2% 2.4 25 3%
\\/(\;eatr 1.8 1.9 5% 2.0 2.2 6% 25 2.6 6%
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Table 4.6.2-3 (continued)
Model Results for the Three Lakes System
(Calendar Years 1975 to 1988")

Grand Lake Shadow Mountain Reservoir Granby Reservoir
Full Use Full Use Full Use
with a with a with a
Year Current Project Current Project Current Project
Type Conditions | Alternative (P;i::sn: Conditions | Alternative E?]ratl:r?netz Conditions | Alternative 2?:;:“:
(2006) with g (2006) with Y (2006) with g
RFFAs RFFAs RFFAs
(2032) (2032) (2032)
Average Secchi-Disk Depth (meters)
Average 35 3.2 -8% 2.4 2.3 -3% 4.1 3.9 -4%
Year
Dry 3.2 3.1 -4% 2.3 2.3 -1% 3.9 3.8 -1%
Year
AR 36 32 -12% 24 23 4% 38 37 3%
ear

Notes:

'PACSM for the Environmental Impact Statement used water years 1946-1990.
?Dissolved oxygen results for Shadow Mountain Reservoir represent minimum of entire depth, since the reservoir is represented by a single
layer in the model.

ua/L = micrograms per liter

% = percent

mg/L = milligrams per liter

PACSM = Platte and Colorado Simulation Model
RFFA = reasonably foreseeable future action

Based on the dynamics described above, it is unclear what the net effect of lower DO

(which could increase the rate of methylation) and higher nutrients (which could reduce
mercury in sport fish through bloom dilution) would have on mercury concentrations in fish
tissue in Granby Reservoir.

The anticipated impacts for all three water bodies are predicted to be minor (in dry and

most average years) to moderate, in wet years and some average years. This is based on

predicted increases in chlorophyll a in Grand Lake (up to a 0.6 pg/L increase in the annual
average) and Shadow Mountain Reservoir (up to a 0.9 pg/L increase in the annual peaks);
decreases in Secchi depth in Grand Lake (up to a 0.4 meter decrease); and decreases in
minimum DO concentrations in Shadow Mountain Reservoir (up to a 0.8 mg/L decrease at

SM-DAM site [see the next section]) and Granby Reservoir (up to a 0.5 mg/L decrease).

Note that Shadow Mountain Reservoir is currently listed on the Section 303(d) List for
being impaired with respect to DO and the Proposed Action with RFFAs would adversely
affect this existing DO impairment.

Predictions for Shadow Mountain Reservoir Dissolved Oxygen at SM-DAM

The complex hydrodynamics and water quality dynamics of the Three Lakes system result
in spatial differences in seasonal patterns of DO concentration in Shadow Mountain
Reservoir. A mechanistic explanation of the underlying causes for these seasonal

differences is given in the 2011 Operational and Water Quality Summary Report for the
Three Lakes (Boyer and Hawley 2013). A result of these differences in dynamics is that
DO concentrations in the 0.5 to 2 meters stratum at the SM-DAM measurement location
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can sometimes be significantly lower than concentrations at the SM-MID location. The
lower concentrations in the upper stratum at the SM-DAM location occasionally exceed the
6.0 mg/L DO standard. Averaged observed DO concentrations in the 0.5 to 2 meters
stratum at the SM-DAM location, along with the applicable standard, are shown in

Figure 4.6.2-6.

Figure 4.6.2-6
Average Dissolved Oxygen Concentrations in Shadow Mountain Reservoir
at Site SM-DAM (0.5 to 2 meters depth)
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Concern was expressed by EPA that the impairment reflected in the SM-DAM data is not
represented in output from the Three Lakes Water-Quality Model. This is due to the
representation of Shadow Mountain Reservoir as a single, well-mixed water body in the
model and the fact that the DO response of the reservoir was calibrated to observations
made at the SM-MID measurement location. In order to respond to this concern, the
following method for interpretation of model results was developed, based on relevant
observed data.

The method selected for model result interpretation was development of multiple-regression
equations, using observed data that correspond to calibrated model output to predict
observed 0.5 to 2 meters average DO concentrations at SM-DAM. Exploratory regression
analysis led to differentiation of three separate predictive categories, corresponding to three
unique regimes of DO dynamics at the SM-DAM location:
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1. No Farr pumping
2. Farr pumping during the months November-June
3. Farr pumping during the months July-October

These three predictive categories were chosen using guidance provided by Boyer and
Hawley (2013). The temporal segmentation of the Farr-on categories was validated
through comparison of correlation coefficients using slightly different time periods for
separation of categories. Throughout the development of the regression equations,
emphasis was given to physical relevancy of predictor coefficients (e.g., rejection of a
regression equation with a negative coefficient for the SM-MID DO predictor, even if that
equation produced a higher correlation coefficient). The final results of this regression
analysis are summarized in Table 4.6.2-4.

Table 4.6.2-4
Regression Equation Coefficients

SM-MID | GR-DAM VWA | SM-MID | Daily Pump | Days Since
Catedor Intercept | VWA DO Hypolimnetic Chla Volume Pumps Off
gory (mg/L) | Coefficient | DO Coefficient | Coefficient | Coefficient | Coefficient
(d-less) (d-less) (mg/pg) (mg/L-AF) | (mg/L-day)
Pumps Off 2.69 0.707 N/A N/A N/A -5.601 E-3
Pumps On 0.07 0.892 N/A 0.135 7.725 E-4 N/A
(November-June)
Pumps On (July- | g 6q 0.598 0.508 0041 | -1.196E-3 N/A
October)
Notes:
Chla = chlorophyll a
d-less = dimensionless
DO = dissolved oxygen
E = 10"
mg/ug = milligrams/micrograms
mg/L = milligrams per liter
mg/L-AF = milligrams per liter per acre-feet
mg/L-day = milligrams per liter per day
N/A = indicates term was not used in given regression equation; therefore, no coefficient is provided
VWA = volume-weighted average

In Table 4.6.2-4, these coefficients are multiplied by predictor variables of the same name
as the coefficients (units of [dimensionless], [mg/L], [mg/L], [Mg/L], [AF/day], [days]
respectively) and summed to produce a daily prediction of SM-DAM 0.5 to 2 meters
average DO. The results of application of this method for the period 2005-2012 (period of
available observed predictor data) are displayed on Figure 4.6.2-7 and Figure 4.6.2-8. The
predictions are generally good (especially for the years 2009 and 2010) and are considered
to be valuable for model result interpretation. Note, however, that the methodology tends
to over-predict minimum DO concentrations at SM-DAM.
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Figure 4.6.2-7

Observed and Predicted Dissolved Oxygen at SM-DAM (0.5 to 2 meters average)

SM-DAM DO (0.5 - 2 m; mg/L)
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Figure 4.6.2-8
Correlation between Observed and Predicted SM-DAM
Dissolved Oxygen (0.5 to 2 meters average)
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Using the methodology described above, results from the Three Lakes Water-Quality
Model were used to predict DO concentrations at the SM-DAM site (0.5 to 2 meters depth).
Results for Current Conditions (2006) and the Proposed Action with RFFAs are shown in
Figure 4.6.2-9. For Current Conditions, predicted concentrations over the 15-year period
are above the 6 mg/L standard with the exception of the late fall of 1978. This year
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followed the 1977 dry year and the WGFP was operated to re-fill Granby Reservoir. Thus,
Windy Gap diversions and inflows from the Willow Creek Pipeline were high (both greater
than 50,000 AF). This resulted in lower than normal DO concentrations near the bottom of
Granby Reservoir, resulting in lower than normal DO concentrations in Shadow Mountain
Reservoir. For the Proposed Action with RFFAs, DO concentrations decrease even further
during that year. Minimum predicted DO concentrations are reported in Table 4.6.2-5 by
calendar year, showing decreases in minimum DO concentrations for the Proposed Action.
The largest difference between the two scenarios occurs in 1978. This is also the year with
the largest change in Farr pumping for the 15-year period simulated.

This information needs to be interpreted knowing the method somewhat over-predicts
minimum annual DO concentrations (see Figure 4.6.2-9), and thus most likely under-
predicts the probable occurrence of standard exceedances. The differences listed in

Table 4.6.2-5 are viewed to be more characteristic of what would happen under the
assumed conditions, as opposed to the absolute numbers predicted. The average change in
minimum DO concentrations (0.5 to 2 meters depth) for the 15-year period is predicted to
be a decrease of 0.25 mg/L, ranging from a decrease of 0.80 mg/L in 1978 to an increase of
0.24 mg/L in 1984.

Figure 4.6.2-9
Predicted SM-DAM DO Concentrations (0.5 to 2 meters average)
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Table 4.6.2-5
Predicted Minimum SM-DAM DO Concentrations (0.5 to 2 meters)
Minimum Predicted Dissolved Oxygen (mg/L) at SM-DAM (0.5 to 2 meters)
Calendar Year Curren(tzgoog;dltlons :Il:élrhjasfi\%lwi?hpggsgs Difference
(2032)
1975 6.61 6.46 -0.15
1976 6.59 6.50 -0.08
1977 6.42 6.11 -0.31
1978 6.00 5.20 -0.80
1979 6.74 6.23 -0.51
1980 6.91 6.81 -0.11
1981 6.59 6.46 -0.12
1982 6.90 6.66 -0.24
1983 7.53 7.08 -0.45
1984 6.84 7.08 0.25
1985 7.25 7.13 -0.12
1986 7.27 7.25 -0.01
1987 7.52 7.31 -0.21
1988 7.30 6.99 -0.30
1989 6.68 6.22 -0.46
Notes:
mg/L milligrams per liter

RFFA reasonably foreseeable future action

4.6.2.1.2 River Segments

Fraser River

The Proposed Action with RFFAs may have potential water quality impacts in the Fraser
River Basin including:

a) Changes in Concentrations of Constituents Potentially Exceeding Stream Standards
(Copper, Iron, Lead, pH, and Aquatic Life Use): These include changes in
contaminant concentrations that would result in moving from the Monitoring and
Evaluation List to the Section 303(d) List requiring a TMDL.

b) Potential Changes in Water Temperature:

e Increased frequency of temperature standard exceedance downstream of the Town
of Fraser, a segment currently on the Section 303(d) List for temperature.

e Increased frequency of temperature standard exceedance in Ranch Creek, a segment
currently on the Section 303(d) List for temperature.

e Increased frequency of temperature standard exceedance in St. Louis Creek.

c) Permit Compliance for Moffat Railroad Tunnel Discharges: Dilution decreases in the
Moffat Tunnel permitted discharge would increase contaminant concentrations to
potentially harmful levels.
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d) Potential Changes in Nutrient Levels

e) Potential Impacts to WWTP Dischargers: The Proposed Action with RFFAs may lead
to more stringent discharge permits and possible capital expenditures for WWTPs due
to changes in stream flow that reduce dilutive capability or diminish the quality of the
receiving water.

f) Effects Due to Changes in Tributary Flows and Water Quality

g) Effects on Vasquez Creek Caused by Increased Flows through the Gumlick Tunnel:
These changes could occur as a result of greater contributions from Williams Fork
diversions.

Each of these potential water quality impacts is discussed in detail in subsequent
subsections.

a) Changes in Concentrations of Constituents Potentially Exceeding Stream Standards
(Copper, Iron, Lead, pH, and Aquatic Life Use)

The Fraser River is listed on the Monitoring and Evaluation List for copper from the Town
of Fraser to the confluence of the Colorado River and for lead from the Town of Tabernash
to the Town of Granby (CDPHE 2012a). As Table 3.2-5 shows, one monitoring station
indicates an 85™ percentile value for copper greater than the stream standard at the Town of
Fraser. Additionally, two CDPHE stations and four U.S. Geological Survey (USGS)
stations have records on copper concentrations beginning in 2000. There have been two
exceedances of the acute standard for copper on the Fraser River, which occurred on
January 25, 2006 and May 5, 2010 at the Water Quality Control Division’s (WQCD’s)
station 12166 (Hranac 2013). The source of the copper is unknown. A majority (131 of
160 samples) of CDPHE samples were below detection limits indicating low levels of
copper under most conditions. Without knowing the source(s) of copper that caused the
single spikes in copper concentrations at each station, impacts from Full Use with a Project
Alternative with RFFAs (2032) cannot be numerically quantified. Potential changes in
copper concentrations that could exacerbate the underlying conditions leading to the listing
on the Monitoring and Evaluation List, particularly upstream of the Town of Fraser,
include: (1) a decrease in dilution water for NPDES permitted discharges (particularly the
Moffat Tunnel), and (2) a change in volume of source waters. The sample sites that
indicated a high level of copper on one occasion were near Robber’s Roost campground
and near Winter Park. These occurrences suggest that the source of copper is above most
tributaries and above the Moffat Tunnel discharge. As described below, none of these
occurrences would be caused by the Moffat Tunnel permitted discharge. The current
permit for the Moffat Tunnel would begin to limit copper discharges starting May 1, 2013,
which may serve to reduce or eliminate occurrences of copper exceeding the stream
standard. If the source of copper is high in the watershed, the copper would be diverted
with flows entering the Moffat Tunnel.

The Fraser River from the Town of Granby to the Town of Tabernash is listed on the
Monitoring and Evaluation List for lead due to the 85™ percentile concentrations at one
station (River Watch 806, Fraser River at County Road [CR] 83) being greater than the
stream standard. CDPHE stated, “due to quality assurance/quality control issues with some
of the lead samples, there was not enough data to make an impairment decision, so it will
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be added to the Monitoring and Evaluation List in order to gather more information”
(CDPHE 2012c). Subsequent data at the same station (through September 2011) indicates
all samples were below detection limits (EPA 2012). Additionally, nearby stations, as
listed in Table 3.2-5, indicate lead concentrations below the stream standard. The source of
lead, if any, is unknown. The current discharge permit for the Moffat Tunnel would begin
to limit lead discharges starting May 1, 2013, which may serve to reduce concentrations of
lead in the Fraser River. It is noted that the three water districts that provide water to areas
served by the Fraser Sanitation District Wastewater Treatment Facility have lead levels
greater than the stream standard (but less than the drinking water standard). The source of
lead in drinking water systems is typically leaching of lead from indoor plumbing fixtures.
If this is the source of lead concentrations greater than stream standards, then Full Use with
a Project Alternative with RFFAs (2032) conditions could increase the concentration of
lead by greater water use in the Fraser River Basin (with associated greater wastewater
flows) and a reduction of stream flow as noted in Section 4.6.2. Therefore, it is not
currently known if lead concentrations are above stream standards. The source of the lead
is also unknown. There is potential for Full Use with a Project Alternative with RFFAS
(2032) conditions to increase the concentration of lead.

The three stations also indicate 85™ percentile dissolved iron concentrations greater than the
stream standard. This stream standard for iron is set to be protective of drinking water
supplies and is set at the recommended maximum concentration for secondary
contaminants as set by the EPA. lron can be removed using conventional water treatment
processes. From analysis of the data, the total recoverable iron at these three specific sites
is well below the stream standard for total recoverable iron; however, dissolved iron is
greater than the stream standard. As with copper, the source of the iron is unknown.
Copper was above the stream standard at Robbers Roost, upstream of known point sources,
implying a natural source or source high in the watershed. As with copper, if the source of
iron is high in the watershed, the iron would be diverted with flows entering the Moffat
Tunnel. The Moffat Tunnel permitted discharge would also have a limit on dissolved iron
starting May 1, 2013, which may reduce iron concentrations at downstream locations. If
the source of iron near Granby is permitted discharges, flow decreases between Current
Conditions (2006) and Full Use with a Project Alternative with RFFAs (2032) could
contribute to dissolved iron concentrations continuing to exceed the stream standard. This
would lead to either a limit on dissolved iron in future renewals of NPDES permits or a
need by drinking water providers that use the Fraser River to install iron removal provisions
in their treatment plants. Since the source of the iron is unknown, the potential impacts
cannot be definitively determined.

As noted in Section 3.2, the 85™ percentile for pH exceeds stream standards at two
sampling locations. This segment was not listed for pH in Regulation 93 (CPHE 2012a)
because the 85" percentile for all data sites combined was within stream standards. The
source of high pH at these two locations is unknown. Data from USGS for Site 9027100
indicates that pH has exceeded stream standards since 1990. As the source of elevated pH
values is unknown, the potential impacts cannot be numerically quantified.

The Fraser River from the source to a point immediately below the Rendezvous Bridge and
Vasquez Creek are provisionally listed on the Section 303(d) List for Aquatic Life Use
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(CDPHE 2012a). A discussion of the Aquatic Life Use listing and potential impacts related
to the Moffat Project is presented in Section 4.6.11.

b) Potential Changes in Water Temperature

In Section 3.2, many reaches of the Fraser River were identified with exceedances of State
water quality standards for temperature. Fraser River segment 10c is listed on the

Section 303(d) List for temperature (CDPHE 2012a). Ranch Creek is also on the

Section 303(d) List for temperature. The evaluation of potential changes in water
temperature progressed in a three-step process as initial information was reviewed with the
Cooperating Agencies during the Draft EIS comment period and it was determined that
additional assessment was warranted, as follows:

1. ldentification of stream reaches of most concern based on historic water temperature
data.

2. Evaluation of statistical relationships between: (a) stream temperature and stream flow,
and (b) stream temperature and air temperature to determine whether either flow or air
temperature could be used individually to predict changes in stream temperature.

3. Additional analysis of the three stream reaches with previous exceedances of stream
temperature standards (two reaches of the Fraser River and one reach of Ranch Creek)
to determine whether statistical relationships between stream temperature and stream
flow is improved by isolating the analyses for narrow bands of air temperature.

To evaluate the Fraser River and Ranch Creek stream segments with previous temperature
exceedances and also identify other stream segments where water temperatures may
approach or exceed standards potentially due to the Proposed Action with RFFAS,
information was developed with temperature measurements near or exceeding the standard
(within 1°C). Grand County Water Information Network (GCWIN) stations were used
since these stations record temperatures every 15 to 60 minutes during summer months.
Based on the historical record of daily maximum (DM) and maximum weekly average
temperature (MWAT) exceedances in the Fraser River Basin, it is possible that such
exceedances could occur in the future during periods when diversions related to the
Proposed Action would be taking place.

State regulations provide for an exemption to exceedances of water quality standards when
air temperature is greater than the historic 90" percentile for a given day (hereafter referred
to as the historic 90" percentile). However, for purposes of considering the potential for the
Proposed Action with RFFAs to cause potential exceedances of the temperature standards,
this information was not screened to exclude days for which air temperature was greater
than the historic 90" percentile value. This information is presented in Table 4.6.2-6.
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begins between April and July and ends between September and November)

Table 4.6.2-6
Temperature at GCWIN Stations in the Fraser River Basin (yearly data recording

Daily Maximum

Maximum Weekly Average Temperature

Period No. of No. of Max. No. of No. of M(\?(/)':‘T
; Days Days of State | Weeks Weeks - State
Station of e . - Period
Record | Exceed within Daily | Std. Exceed within of Std.
State 1°C of Max. °C State 1°C of Record) °C
Std. State Std. °C Std. State Std. °C
Ranch Creek 2005-
below CR 8315 2009 55 33 24.3 21.2 1 6 17.2 17.0
Ranch Creek 2007-
below Meadow 36 31 23.7 21.2 2 5 17.3 17.0
2009
Creek
St. Louis Creek 2007-
above Fraser 2 1 215 21.2 0 0 154 17.0
: 2009
River confluence
Vasquez Creek at 2005-
Winter Park 2009 0 0 16.9 21.2 0 0 12.9 17.0
Fraser River 2007-
above WPSD 2009 0 0 16.9 21.2 0 0 11.4 17.0
Fraser River 2007-
below Winter 0 0 18.1 21.2 0 0 12.2 17.0
. 2009
Park (ski area)
Fraser River at 2008-
Rendezvous 0 0 155 23.8 0 0 11.6 18.2
. 2009
Bridge
Fraser River at 2006-
CRSHD 2009 0 0 21.9 23.8 0 0 16.5 18.2
Fraser River 2007-
above ESD 2009 0 0 20.2 23.8 0 0 14.9 18.2
Fraser River
below FSD at 2005 0 0 20.3 23.8 0 0 14.2 18.2
Pietz
Fraser River 2007-
below FSD 2009 0 0 20.3 23.8 0 0 15.0 18.2
Fraser River at 2005-
CR 83 2009 2 0 24.7 23.8 0 0 16.7 18.2
Fraser River
below Crooked 2006 0 0 22.7 23.8 0 1 17.8 18.2
Creek
Fraser River at 2005-
Hwy 40 at 0 8 23.6 23.8 0 9 18.1 18.2
2009
Granby
Fraser River 2008-
above GSD 2009 0 0 20.8 23.8 0 0 16.2 18.2
Fraser River 2008-
below GSD 2009 0 0 22.1 23.8 0 0 15.7 18.2
Notes:

Stream reaches that are near or above the regulatory standard (Regulation 33) are bold and italicized.
County Road

Fraser Sanitation District
Granby Sanitation District
Winter Park Sanitation District

CR
FSD
GSD
WPSD
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The six stream reaches (two on Ranch Creek, one on St. Louis Creek, and three on the
Fraser River) with at least one temperature measurement near or above the regulatory
standard (Regulation 33) are listed in bold italics in the table above and are discussed
below. Following those discussions, an evaluation of the relationships between stream flow
and stream temperature, and air temperature and stream temperature, is presented.

e Ranch Creek — Both GCWIN stations on Ranch Creek indicate numerous samplings
that approach or exceed the regulatory standard. Both stations are on the lower reach of
Ranch Creek, a broad, open valley with a stream slope of 0.7% (Grand County 2010).

Some recordings of DM and MWAT that approach or exceed the regulatory standard
occurred on days where the air temperature was recorded at or above the historical
90™ percentile. However, not all days with high stream temperature occurred on
especially hot days. Ranch Creek is evaluated in more detail below.

e St. Louis Creek — This station is near the confluence of the Fraser River. Two
occurrences of temperature approaching or exceeding the regulatory standard occurred
on days that the air temperature was equal to or exceeded the historical 90™ percentile.
Based on this data, St. Louis Creek is not further evaluated for potential stream
temperatures exceeding regulatory standards under the Proposed Action with RFFAs.

e Fraser River — The Fraser River from CR 83 (just above the confluence with Ranch
Creek) to U.S. Highway (US) 40 in Granby (just upstream of downtown Granby) had
two instances where the DM regulatory standard was exceeded and a few occasions
where both the DM and the MWAT approached the regulatory standard. CR 83 station
had two instances of stream temperature exceeding the regulatory standard and both
occurred on days when the air temperature exceeded the historic 90" percentile. The
station below Crooked Creek recorded one instance of the MWAT approaching the
regulatory standard during a week where the air temperature exceeded the historic
90™ percentile for 5 consecutive days. The station at US 40 had 5 of the 8 days where
the DM approached the regulatory standard with air temperature for that day and/or the
preceding days exceeding the historic 90™ percentile. Similarly, 3 of the 9 days when
the MWAT approached the regulatory standard coincided with a period of several
weeks with the air temperature exceeding the historic 90™ percentile. Of the three
stations on the Fraser River that recorded temperature exceedances, only one station has
instances of hi%h stream temperatures on days where the air temperature did not reach
the historic 90" percentile. The Fraser River is currently on the Regulation 93 listing
and is evaluated in more detail below.

The second step in the assessment of potential effects on stream temperatures was
performed in response to Cooperating Agency comments to evaluate statistical relationships
between: (a) stream temperature and flow, and (b) stream temperature and air temperature
to determine whether stream flow could be used as a basis to predict changes in stream
temperature for the Ranch Creek and Fraser River stream segments.

Figure 4.6.2-10 shows flow versus water temperature for Ranch Creek below CR 8315 and
the Fraser River below Crooked Creek at Tabernash plotted to determine the degree of
correlation.
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Figure 4.6.2-10
Flow Versus Water Temperature in the Fraser River Basin
Section 303(d) Listed Stream Segments
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For each graphic in Figure 4.6.2-10, spreadsheet functions were used to compute the
equation for the linear regression line of best fit and the corresponding R-squared value. A
trend line slope of zero indicates there is no correlation between water temperature and flow
rate for a given air temperature. A positive slope indicates that water temperature increases
with stream flow (i.e., positive correlation). A negative slope (as shown in each graphic in
Figure 4.6.2-1) indicates that water temperature decreases with stream flow (i.e., negative
correlation). As the absolute value of the slope increases, the relationship between flow and
stream temperature becomes sensitive.

R-squared is a parameter that measures the degree to which the data deviates from the line of
best fit. R-squared can range from 0 to 1, with “0” indicating extreme deviation of data points
from the line of best fit, and “1” indicating no deviation of data points from the line of best fit.
The R-squared value provides an indication of the quality of the trend line with regard to how
well it represents the relationship between, in this case, stream flow and water temperature. A
low R-squared value indicates the trend line does not provide a reliable representation of a
potential cause-and-effect relationship. The slope provides an indication of the correlation
between water temperature and stream flow while the R-squared value provides an indication
of the deviation of data from the line of best fit. Together, the trendline slope and R-squared
values aid in characterizing the correlation between the two variables for a given dataset.

The results of these statistical analyses indicate that stream flow and water temperature do not
have a strong correlation when isolated from other factors that affect stream temperatures in a
natural setting (based on the low absolute value of the slopes and the very low R-squared
values).

As noted earlier, the literature search indicated that air temperature is a much stronger predictor
of water temperature. Figure 4.6.2-11 shows this relationship and notes the statistical results.
The absolute value of the slopes and the R-squared values are significantly greater for these
parameters, indicating a much stronger relationship.
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Figure 4.6.2-11
Air Temperature Versus Water Temperature for Section 303(d)
Listed Stream Segments in the Fraser River Basin
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Figure 4.6.2-12 shows the relationship between historic air temperature, water temperature, and
flow from May to October of a typical year on the Fraser River.

Figure 4.6.2-12
Typical Water Temperature, Air Temperature, and Flow Over Time
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Peak temperatures (both air and water) lag behind the peak of the runoff by two weeks to a
month. In general, air and water temperatures track together, with maximums and
minimums occurring at nearly the same time. Generally, flow reductions attributable to the
Proposed Action with RFFAs would occur during peak flow periods, before air
temperatures reach maximum levels for the summer. By the time maximum seasonal water
and air temperatures occur, projected flows under the Proposed Action with RFFAs would
be very similar to flows under Current Conditions (2006).

The third phase of the statistical analysis involved additional analysis of the three stream
reaches with previous exceedances of stream temperature standards (two reaches of the
Fraser River and one reach of Ranch Creek that are on the Section 303[d] List) to determine
whether statistical relationships between stream temperature and stream flow are improved
by isolating the analyses for narrow bands of air temperature.

According to the literature search noted above, the top four variables that influence water
temperature were considered for evaluation and are listed below in order of importance:

1. Air temperature
2. Percent shade

3. Relative humidity
4. Flow

Of these four variables, two (shade and flow) can be human-influenced. Shading can be
greatly affected by human activity through the destruction of riparian vegetation (through,
for example, grazing, recreational activities and vegetative clearing) or through habitat
restoration programs. To determine the potential effect of flow changes caused by the
Proposed Action with RFFAs, percent shade was considered constant. Additional analysis
was undertaken to evaluate the water temperature-flow relation for isolated air temperatures
or narrow bands of temperature ranges. To accomplish this analysis, an additional station
upstream on the Fraser River was used to augment data for evaluation. In total, three
locations were selected based on the data availability. The data sources were as follows:

e GCWIN station with data logger for temperature that provided a minimum of one-hour
readings or USGS station with daily temperature readings

e Weather station with maximum daily air temperature

e USGS stream flow gages

The stations used at each location are as follows:

e Fraser River Near Winter Park (Period of Record: 2007-2010)
— GCWIN Station: FR-blwWP — 15-minute increment water temperature
— USGS Station: #09024000 (Fraser River at Winter Park) — daily flow

— National Oceanic and Atmospheric Administration (NOAA) Weather Station:
#53116 (Fraser) — maximum daily air temperature
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e Fraser River Near Tabernash (Period of Record: 2006-2010)
— GCWIN Station: FR-blwCr — 30-minute increment water temperature for 2006

— USGS Station: #09033300 (Fraser River below Crooked Creek) — daily flow for
period of record and average daily temperature for 2007 to 2010

— NOAA Weather Station: #53116 (Fraser) — maximum daily air temperature
e Ranch Creek (Period of Record: 2007-2010)

— GCWIN Station: RC-blwCR8315 — 15-minute increment water temperature

— USGS Station: #09032000 (Ranch Creek nr Fraser) — daily flow

— NOAA Weather Station: #53116 (Fraser) — maximum daily air temperature

The start of the period of analysis for each location began the first year that GCWIN or
USGS took daily (or more frequent) temperature readings. The end of the period of
analysis is 2010. Only data from July and August were evaluated as this is the time of year
of when exceedances of the State water temperature standard typically occur. In many
years, data collection for stream temperature did not begin until between late June or
mid-July.

The data are presented in the units in which the data are collected in the field measurements
and databases. The water temperature data have units of degrees Celsius; the air
temperature data have units of degrees Fahrenheit (°F); and the flow data have units of
cubic feet per second (cfs). The flow and water temperature data were sorted and grouped
according to air temperature. When sufficient data points were available, the data were
then plotted for a single air temperature. When the number of data points were sparse

(e.g., at the high and low ends of the air temperature range), the data were grouped and
plotted for a range of air temperatures to provide sufficient points to develop lines of best
fit.

This analysis focused on the potential correlation of low flow with stream water temperature.
To isolate and assess this correlation, snowmelt runoff-related data points were excluded from
the datasets. Data points corresponding to snowmelt runoff were identified as flows above the
85" percentile. This allowed the analysis to focus on the lower flow rates when exceedance of
the State standard of water temperature is more likely to occur. Additionally, to confirm that
the excluded data points were snowmelt runoff-related, the dates corresponding to these data
points were analyzed. For the Fraser River near Tabernash and Colorado River sites, all
excluded data occurred prior to July 15". For the Ranch Creek site, over 90% of the data
excluded occurred before July 15", For these three sites, it was determined that data points
above the 85" percentile of flow are likely data during runoff periods. For the Fraser River near
Winter Park site, about 50% of the data excluded occurred before July 15™.

Water temperature data was used as presented by either GCWIN or USGS. The method and
equipment used for data collection was not fully identified in the available information sources.
Localized stream temperatures can be strongly influenced by shading, depth of water, and
movement of water (pooled area versus in the middle of the channel). Accuracy can also be
impacted by the equipment and whether or not equipment has been appropriately calibrated.
Data from GCWIN was reported to the thousandth of a degree. Accuracy was not known but
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was likely to have been within a tenth of degree or less, particularly between years. USGS
water temperature data was reported to a tenth of a degree. Again, accuracy was not known but
was likely to have been within a tenth of a degree or less, particularly between years.

The degree of correlation between the two variables, stream temperature and stream flow,
was then determined for all three stations. Evaluation for all three stations is discussed
below.

Fraser River Near Winter Park. Graphs illustrating the relationship between maximum
daily air temperature and maximum daily water temperature are presented in
Figure 4.6.2-13.

No water temperature exceedances were observed in the data analyzed for this site. Flows
evaluated in July and August in this analysis had a minimum of 5.4 cfs and an

85" percentile of 18.15 cfs. Trend line slopes for these air temperature groups range
between -0.46 to +0.18. The average slope of all the trend lines is -0.19, indicating that
potential trends identified in this data could be at least partially due to the measurement
error for water temperature data. Additionally, the trend lines are not consistent, as shown
with the 77°F air temperature grouping indicating an increase in water temperature with
increased flow. The R-squared values ranged from 0.02 to 0.39. Eight of the 11 R-squared
values were below 0.2, indicating strong deviation in the data from the line of best fit. The
air temperature group with the strongest data fit was the 71-72°F group with an R-squared
of 0.39. The slope of the line of best fit for this group was -0.24, indicating a predicted
change in water temperature that is likely near or within the error of measurement in the
data. At the highest air temperatures 81-84°F, the R-squared value is very low, 0.02 and the
slope of the best fit line is also very low, 0.07, indicating essentially no correlation between
water temperature and stream flow on the hottest days. Although some of the trend lines
indicate a weak negative correlation between water temperature and stream flow, this
correlation is not well supported by the data. This analysis indicates that, for these datasets,
stream flow, when evaluated in isolation from other factors known to affect water
temperature, cannot be reliably used as a predictor of water temperature at this site.

An additional sensitivity analysis was also performed using the entire dataset (including
data at times when stream flows were above the 85" percentile). The temperature group
with the highest R-squared value was evaluated with the inclusion of all data. The line of
best fit for all data for the 71-72°F grouping showed significantly lower correlation between
water temperature and stream flow, although the deviation of data from the line of best fit
was somewhat less. In addition, the temperature group with the lowest correlation, the
79°F group, was evaluated with the inclusion of all non-runoff data. Again, the line of best
fit showed lower correlation between water temperature and stream flow with about the
same deviation of data from the line of best fit. It was determined that removing the highest
flow data does not appear to significantly affect the evaluation aimed to correlate water
temperature and stream flow for post-snowmelt runoff flows.
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Figure 4.6.2-13

Mean Daily Flow Rate Versus Water Temperature for Fraser River Near Winter
Park (No Exceedance of State Water Temperature Standard at this Site)
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Figure 4.6.2-13 (continued)
Mean Daily Flow Rate Versus Water Temperature for Fraser River Near Winter
Park (No Exceedance of State Water Temperature Standard at this Site)
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Fraser River below Crooked Creek. Figure 4.6.2-14 includes a series of graphs charting flow
rate versus water temperature for the Fraser River near Tabernash. This site has not exceeded
the State water temperature standard in any data evaluated. The minimum flow for July and
August in the data evaluated was 40 cfs, and the 85™ percentile flow was 201 cfs. The range
of slopes for the air temperature groups is -0.05 to +0.01, with three temperature groups
indicating an increase in water temperature with an increase in flow. The average slope for
the lines of best fit was -0.01, or about 0.1 degree change in water temperature for every

10 cfs change in flow. R-squared values ranged from 0.0001 to 0.62, with nine of twelve air
temperature groups having an R-squared less than 0.2, indicating high deviation between the
data and the line of best fit for most temperature groups. The three air temperature groups
with an R-squared greater than 0.2 occurred for air temperatures at or above 77°F. The
steepest slope was -0.0534, or about 0.5 degrees for every 10 cfs increase in flow in the
highest air temperature group (82 to 85°F). This line of best fit had an R-squared of 0.62,
indicating some deviation of the data from the line of best fit. Therefore, the highest air
temperature days showed the strongest correlation between water temperature and stream
flow. The other two air temperature groups with R-squared values over 0.2, 77, and 78°F,
have negative slopes of 0.02 or less, indicating little correlation between water temperature
and stream flow. Given the inconsistencies in the water temperature-stream flow
relationships in the different air temperature groups, and the generally high deviation in the
data from the lines of best fit for most air temperature groups, this analysis indicates that, for
these datasets, stream flow, when evaluated in isolation from other factors known to affect
water temperature, cannot be reliably used as a predictor of water temperature at this site.
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Figure 4.6.2-14

Daily Mean Flow Rate Versus Water Temperature for the Fraser River below
Crooked Creek (No Exceedance of State Water Temperature Standard at this Site)
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Figure 4.6.2-14 (continued)
Daily Mean Flow Rate Versus Water Temperature for the Fraser River below
Crooked Creek (No Exceedance of State Water Temperature Standard at this Site)

Fraser River Below Crooked Creek
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Ranch Creek. Figure 4.6.2-15 shows graphs developed to analyze temperature effects for
Ranch Creek. As documented in Section 3.2, Ranch Creek has historically experienced
numerous exceedances of the State water temperature standard. The minimum flow for
July and August in the data evaluated was 2.6 cfs, and the 85™ percentile flow was 7.5 cfs.
The range of slopes for the temperature groups is -1.9 to +0.5 indicating an inconsistent
relationship between water temperature and flow for the different temperature groups.
Some air temperature groups had increasing water temperature with increasing flow, while
some had decreasing water temperature with decreasing flow. Five air temperature groups
had a slope with an absolute value less than 0.2, indicating negligible correlation between
water temperature and flow for this dataset. R-squared values ranged from less than 0.00 to
0.30, with all but two less than 0.08. These low R-squared values indicate high deviation in
the data from a line of best fit. Therefore, the line of best fit does not appear to represent a
relationship between the two variables for all but two air temperature groups.

Two groups, air temperature of 80°F and air temperature from 83 to 86°F, have a higher
R-squared value (0.17 and 0.31, respectively). However, the air temperature group between
those two (the 81 to 82°F group) had an R-squared of 0.02. Therefore, little correlation
between water temperature and stream flow is apparent for this dataset. At the highest air
temperature group, the slope of the best fit line is -1.9 with an R-squared of 0.30.
Therefore, at the highest air temperatures, a weak negative correlation between water
temperature and flow rate is shown. However, given the inconsistencies in the water
temperature-stream flow relationships in the different air temperature groups, including the
adjacent air temperature group which indicated high deviation in data from the line of best
fit, a direct statistical correlation between water temperature and stream flow that can be
used in a predictive manner and absent other factors that affect stream temperature is not
apparent. Given the R-squared value of only 0.30, an increase in stream flow is not a good
predictor of reducing water temperature. For example, the highest water temperature data
point did not occur at the lowest flow. Also, the second-lowest water temperature data
point occurred at one of the lowest flows. Therefore, the data do not support water
temperature decreases to be caused by an increase in flow.

Additional data evaluation was performed to determine the relationship between water
temperature and stream flow. The first day of temperature exceedance was evaluated to
determine if stream flow increased or decreased from the previous day. For the 29 periods
of acute water temperature exceedances (DM), 16 indicated stream flow decreased from the
previous day and 13 days indicated stream flow increased or stayed the same. This further
supports there being little to no direct statistical relationship between stream flow and water
temperature at this site that can be in isolation from other factors known to affect water
temperature, to reliably predict water temperature. Additionally, if lower stream flow were
correlated with higher water temperature, the number of temperature exceedances would be
expected to be concentrated on days with stream flow below the 15" percentile. The total
number of data points above the stream standard was 70; of these, 11 occurred on days
when the stream flow was below the 15" percentile. Therefore, about 15% of days with
stream standard exceedances for water temperature occurred when flow was less than the
15" percentile. Again, this supports a conclusion that the available data do not allow a
direct statistical relationship to be used to predict changes in stream temperature solely due
to changes in stream flow. This is also supported by the three recent TMDLs for water
temperature that are referenced in Section 3.2. These TMDLSs used increasing riparian
vegetation as the preferred BMP for reducing water temperature, rather than modifications
to the flow rates.
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Figure 4.6.2-15
Mean Daily Flow Rate Versus Water Temperature for Ranch Creek below CR 8315
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Figure 4.6.2-15 (Continued)
Mean Daily Flow Rate Versus Water Temperature for Ranch Creek below CR 8315
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Conclusions Regarding Fraser River Temperature Effects. The data indicate that stream
flow, in isolation from other factors that affect stream temperatures, is a poor predictor of
water temperature for all three sites. This analysis is supported by low R-squared values
and flat slopes on the line of best fit. Based on the historical record of DM and MWAT
exceedances in the Fraser River Basin, it is possible that such exceedances could occur in
the future during periods when diversions related to the Proposed Action with RFFAs
would be taking place. Site-specific conclusions are discussed below:

e Fraser River Near Winter Park — The highest air temperature group had an R-squared
value of 0.02, and a trendline slope of 0.07 indicating little to no correlation between
water temperature and flow rate for this dataset.

e Fraser River below Crooked Creek — The highest air temperature group had an
R-squared of 0.62 and a slope of -0.05. This indicates a weak correlation between flow
and stream temperature. However, the data was inconsistent for other air temperature
groups, with some indicating positive correlation (a positive slope) and very low slopes
(absolute value of 0.02) at the highest R-squared values.

e Ranch Creek — The highest air temperature group had an R-squared of 0.30 and a slope
of -1.9. This indicates the potential for a correlation with the slope but the R-squared
value is not indicative of a good fit of the line. Additionally, the data was inconsistent
for the other air temperature groups, with some indicating positive correlations, and
R-squared values varying widely between adjacent air temperature groups. Additional
evaluation indicated that high stream temperature days were not clustered on low flow
days, providing further evidence of little to no correlation between flow and stream
temperature.

e Fraser River Segments 10b and 10c — Full Use with a Project Alternative with RFFAs
(2032) conditions are not expected to cause more frequent exceedances of the stream
temperature standards as a result of changes in flow. Sections 10b and 10c of the Fraser
River are already impaired, as evidenced by the Section 303(d) listing. The
combination of past actions, flow changes resulting from Full Use of the Existing
System, RFFAs, and the Proposed Action would result in a negligible level of impact
based on the type of analysis that could be reasonably performed with available data
and methods. More frequent occurrences of stream temperatures approaching or
exceeding standards are not anticipated under the Proposed Action with RFFAs and the
available data cannot be used to reliably predict changes in stream temperature due
solely to flow changes during the period of most concern, mid-July to the end of
August. It is anticipated that, if data can be obtained to support a multi-variable
analysis considering the interplay between all the factors affecting stream temperatures,
this analysis may yield impacts up to moderate levels.

c) Permit Compliance for Moffat Railroad Tunnel Discharges

The Moffat Railroad Tunnel Discharge Permit allows for discharge of railroad tunnel
seepage water to either the Fraser River or South Boulder Creek under permit number
CO-0047554. Discharge to South Boulder Creek is limited to 0.5 million gallons per day
(mgd), or about 0.77 cfs. Because this flow is seepage water, the maximum flow is not
expected to increase.
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The Moffat Railroad Tunnel has a discharge permit for groundwater seepage that includes
interim and final limits. The final limits include 30-day average, DM and two-year
averages for several parameters. As shown in Section 3.2, the 30-day average and DM for
copper and dissolved lead exceed the stream standard. The two-year average, however, is
similar to the stream standard. Two potential impacts would occur with a change in flow
near this discharge. The first is an impact to the discharger via tighter permit limits. The
second is the potential for the Fraser River to exceed stream standards due to reduced
dilution water in the stream at the time and point of discharge.

The acute and chronic low flow at PACSM Node 2580 was estimated using the CDPHE
modified version of EPA’s DFLOW model (Pierce 2010). The estimated acute and chronic
low flow for Current Conditions (2006) was determined using PACSM estimated flows.
Similarly, PACSM estimated flows were used to determine low flow under Full Use with a
Project Alternative with RFFAs (2032). Acute low flow would decrease approximately
28% from 2.8 to 2.0 cfs and the chronic low would decrease approximately 8% from 2.8 to
2.6 cfs. Note that the current permitted discharge from the Moffat Tunnel is 0.5 mgd, or
about 0.77 cfs.

There is a potential impact to the Moffat Railroad Tunnel Discharge Permit number
CO0-0047554 as a result of decreased acute and chronic low flows. The degree of impact to
this permit, however, is unknown, as current permit limits provide for some parameters to
be discharged at greater than stream standards. It is likely that reduced dilution water
during low flow times combined with a maximum flow discharge from the Moffat Railroad
Tunnel would cause exceedances of stream standards for some parameters, particularly
dissolved zinc.

d) Potential Changes in Nutrient Levels

Monthly concentrations for total nitrogen and total phosphorus along the Fraser River were
simulated with a mass-balance loading model for Current Conditions and Full Use with the
Project with RFFAs (2032). The model simulates the reach of the Fraser River from Winter
Park (above the Winter Park WWTP) to the mouth. Flows and nutrient loads enter along
the simulated reach within the model and concentrations are calculated. Natural attenuation
processes (loss mechanisms for nutrients, including settling, uptake, and denitrification) are
accounted for through application of attenuation coefficients set during model calibration.

Nutrient sources in the model include:
e On-site wastewater treatment systems (OWTSS),

e Six WWTPs (Winter Park, Fraser, Tabernash, Devil’s Thumb, Young Life, and Granby
WWTPs), and

e Land use loading.

Nutrient loading from OWTSs was estimated based on an estimated population using septic
and literature values estimating transmission of nutrients through septic tanks and into
surface water. Of the 4,600 people living in the Fraser River Basin (Grand County 2001),
an estimated 30% use OWTSs, resulting in an estimate of 1,380 people on septic systems.
Lowe et al. (2009) estimate 171 liters of water per person per day entering the septic tank.
Colorado median values for concentrations exiting the septic tank from Lowe et al. (2009)
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were also applied (71 mg/L for total nitrogen and 11.4 mg/L for total phosphorus). To
estimate the mass transmitted to surface water after exiting the tank, estimated percent
transmittal rates from EPA (2002) were applied (85% of total nitrogen and 10% of total
phosphorus). Applying these values produced estimates of 5,198 kilograms per year (kg/yr)
TN and 98 kg/yr of total phosphorus reaching surface water from OWTSs in the Fraser
River Basin. In the model, the annual load from OWTSs applied to each sub-basin was
distributed monthly in proportion with the percent of annual flow in the river for the given
month. Given the uncertainty in these estimates, a range of OWTS loading rates were
tested in the model (up to tripling the noted estimates in the absence of any attenuation),
and prediction of Fraser River concentrations was found to not be very sensitive to this
loading term, since it is small relative to the other terms.

Loading from WWTPs was estimated on a monthly basis applying estimated current and
projected (2032) concentrations and flow rates. Data from the year 2012 were used to
establish Current Conditions (2006) for this analysis because 2012 was the first year
WWTP’s began reporting effluent total nitrogen values. Concentration assumptions,
presented in Table 4.6.2-7, were developed considering historical nutrient discharges,
characterization of site-specific wastewater treatment processes, and determination of
expected WWTPs performance based on correlation with published typical values for the
site-specific treatment processes (AECOM 2013).

Table 4.6.2-7
Assumed WWTP Effluent Concentrations for Total Nitrogen
and Total Phosphorus, Current Conditions (2006) and 2032

Current Conditions (2006) 2032
WWTP TN TP TN TP
(mg/L) (mg/L) (mg/L) (mg/L)
Young Life 34.0 5.0 34.0 5.0
Devil's Thumb Ranch 20.0 5.0 20.0 5.0
Granby 8.4 5.0 8.4 1.0
Tabernash 6.7 5.0 16.5 5.0
Fraser 20.0 5.0 18.0 1.0
Winter Park 17.4/39.9 5.0 40.0 5.0

Notes:
For Current Conditions, Winter Park TN concentrations are estimated to be 39.9 mg/L from December through April, and 17.4 mg/L
from May through November, based on observed seasonal patterns that matched expected summer versus winter performance.

mg/L = milligrams per liter

TN = total nitrogen

TP = total phosphorus

WWTP = Wastewater Treatment Plant

The methodology applied to develop these total phosphorus and total nitrogen
concentrations is described below (as developed by AECOM 2013).

Total Phosphorus — Based on review of the available data, site-specific treatment process,
and typical WWTP influent/effluent values, the following methodology was developed:
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e Without site specific total phosphorus performance data, considering the treatment
process at each facility, typical values for WWTP secondary treated effluent are
recommended (range of 4-5 mg/L average effluent total phosphorus).

e Use of 5 mg/L average total phosphorus is recommended for all facilities in the 2012
model year runs.

e Use of 1 mg/L average total phosphorus is recommended for Granby and upper Fraser
Valley in the 2032 model year runs based on Regulation #85 effluent limit requirements
that will apply at that time.

Total Nitrogen — Based on review of the available data, site-specific treatment process, and
typical WWTP influent/effluent values, the following methodology was developed:

e Where effluent total inorganic nitrogen (TIN) values have not been reported and are not
available, typical treatment performance for the treatment process employed at that
facility was used to determine recommended total nitrogen values (applies to Young
Life Crooked Creek Ranch and Devil’s Thumb Ranch Facilities).

e Where effluent TIN values have been reported and are available, the following
methodology was used to determine recommended total nitrogen values:

— Where available effluent data indicates the facility is performing within the range of
typical performance for the specific treatment process employed, the available TIN
data were used to determine recommended total nitrogen values by adjusting
average TIN values to equivalent total nitrogen values as noted in Table 4.6.2-7
(applies to Granby, Tabernash, and Winter Park WWTPs).

— Where available effluent data indicates the facility is performing below the range of
typical performance for the specific treatment process employed, the recommended
total nitrogen values were determined based on the typical performance range for
the treatment process employed (applies to upper Fraser Valley WWTPs).

e Where the available effluent data indicates there is seasonal variation in the nitrogen
removal performance of the facility, “winter” and “summer” average total nitrogen
values were developed from the effluent data seasonal trend and applied to the
appropriate winter and summer months (applies to Winter Park WWTP).

e Use of the same total nitrogen values for 2012 and 2032 model runs is recommended
for all plants except upper Fraser Valley, Tabernash, and Winter Park.

— Upper Fraser Valley: Use of 18 mg/L average total nitrogen for upper Fraser Valley
WWTP in the 2032 model year runs is recommended based on Regulation #85
effluent limit requirements that would apply at that time.

— Tabernash: Use of 16.5 mg/L average total nitrogen for Tabernash WWTP in the
2032 model year runs is recommended because it is expected that the current
nitrogen removal performance may not be sustainable in the future. The current
performance is likely tied to very low plant flow rates relative to the facility’s
permitted capacity, resulting in higher detention times during the process steps that
promote denitrification. Therefore, it is expected that higher plant flow rates
associated with 2032 conditions would lead to a reduced ability to achieve
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denitrification. In addition, the exemption of this facility from CDPHE Regulation
#85 requirements reduces the likelihood that this plant would make nitrogen
removal performance improvements.

— Winter Park: Use of 40 mg/L average total nitrogen for Winter Park WWTP in the
2032 model year runs is recommended due to anticipated population growth and
associated increases in plant flow rates. At higher plant flow rates (greater than
0.2 mgd), the data indicate the facility loses its ability to remove nitrogen.
Therefore, it is expected that higher plant flow rates associated with 2032 conditions
would lead to a reduced ability to achieve denitrification. In addition, the
exemption of this facility from CDPHE Regulation #85 requirements reduces the
likelihood that this plant would make nitrogen removal performance improvements.

Model inputs applied PACSM monthly flows. However, to respond to CDPHE comments
on the Preliminary Final EIS (CDPHE 2012d), an adjustment was made in WWTP loading
for 2032. Specifically, CDPHE expressed concerns that 2032 PACSM WWTP flows were
overestimated, resulting in overestimation of WWTP loading in the Fraser nutrient
modeling. New flow estimates were developed using Colorado Department of Local
Affairs (DOLA) data (https://dola.colorado.gov/ddb/dashboard.jsf?county=49, accessed on
August 13, 2013). Monthly flow rates for Current Conditions and the 2032 DOLA-based
flows for each WWTP are presented in Table 4.6.2-8.

Table 4.6.2-8
Assumed Monthly WWTP Flow Rates for Current Conditions (2006) and 2032

- Fraser Sanitation il P?”‘ WWELTEr Young Life/
Devil's Thumb District Granby Tabernash & SDe_lnltatlon Crooked Creek
istrict
Months Current Current Current Current Current Current

Con- Con- Con- Con- Con- Con-
ditions (i?gst?) ditions (Zn?gs) ditions é?gg) ditions (ig)ggg) ditions (ﬁ)ge’g) ditions (i?gg)

(2006) (2006) (2006) (2006) (2006) (2006)

(mgd) (mgd) (mgd) (mgd) (mgd) (mgd)
January 0.008 0.012 1.068 1.764 0.254 0.419 0.041 0.068 0.125 0.206 0.005 0.008
February 0.007 0.012 1.021 1.686 0.278 0.459 0.040 0.067 0.164 0.271 0.005 0.009
March 0.009 0.015 1.359 2.244 0.254 0.419 0.059 0.098 0.184 0.304 0.006 0.009
April 0.021 0.034 1.164 1.922 0.182 0.301 0.055 0.091 0.125 0.206 0.006 0.011
May 0.052 0.085 0.779 1.286 0.184 0.304 0.038 0.063 0.063 0.104 0.009 0.016
June 0.053 0.087 0.726 1.199 0.291 0.481 0.032 0.053 0.117 0.193 0.018 0.029
July 0.098 0.161 1.157 1.911 0.371 0.613 0.032 0.054 0.125 0.206 0.019 0.031
August 0.076 0.125 1.068 1.764 0.314 0.519 0.024 0.040 0.124 0.205 0.012 0.019
September 0.013 0.022 0.859 1.418 0.299 0.494 0.021 0.034 0.117 0.193 0.006 0.010
October 0.009 0.015 0.930 1.536 0.309 0.510 0.024 0.039 0.125 0.206 0.006 0.009
November 0.008 0.013 1.024 1.691 0.246 0.406 0.030 0.050 0.121 0.200 0.005 0.008
December 0.007 0.012 1.177 1.944 0.306 0.505 0.033 0.055 0.125 0.206 0.004 0.006

Note:
mgd = million gallons per day

Because of concerns about potential inconsistences in analysis that could occur with
re-running PACSM with different WWTP assumptions, a solution within the Fraser nutrient
model was developed. Because the model is load-based, the reductions in WWTP flow
volumes were simulated by adjusting effluent nutrient concentrations from the WWTPs in
the 2032 simulations to achieve the target effective loads without changing the flow rates.
The inherent assumption behind this approach is that the volume of water in the river is
correctly represented by the PACSM results, regardless of the source of that water at the
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given location (i.e., runoff versus WWTP effluent). Any error related to this assumption
would likely be an underestimation of the flow rates in the river should the WWTP flow

rates actually be lower than those simulated by PACSM (due to reduced consumption,

primarily associated with outdoor use). As such, any error associated with this method is
expected to be small but would be expected to produce conservatively higher estimates of
concentrations at times in the river in the 2032 simulations.

In addition to OWTS and WWTP loading, nutrients were simulated to enter the model by
land-use load. Land-use loading is nutrient loading from the watershed to the river that is
not attributable to OWTSs or points sources, such as WWTPs. Land-use loading varies by

land-use type. For this modeling effort, land-use types were compiled by sub-basin to

support sub-basin-specific land-use loading estimates. The Geographic Information System

(GIS) coverages of land use were obtained from Grand County (Grand County 2001).

Percent coverages by land use for the 10 sub-basins assessed are presented in Table 4.6.2-9.

Table 4.6.2-9
Land Use by Sub-Basin

Sub-Basin
(Alphabetical)

Residential

Commercial

Utilities

Mixed/
Other
Urban

Agriculture

Forested

Open
Water

Wetland

Tundra/
Bare
Ground

Crooked Creek

0.9%

0.1%

0.1%

5.2%

19.1%

73.9%

N/A

0.4%

0.4%

Lower Fraser
Direct (from
Ranch Creek to
the Mouth)

1.0%

1.3%

0.3%

2.5%

34.8%

56.4%

N/A

3.6%

<0.1%

Lower Ranch
Creek

0.4%

N/A

N/A

0.4%

7.1%

83.7%

0.4%

0.9%

7.2%

Middle Fraser
Direct (from
Winter Park to
Ranch Creek)

1.1%

0.2%

N/A

5.9%

17.4%

74.1%

0.3%

0.7%

0.2%

St. Louis Creek

<0.1%

0.1%

N/A

0.2%

1.0%

78.7%

N/A

N/A

19.9%

Strawberry
Creek

N/A

N/A

N/A

N/A

10.3%

89.7%

N/A

N/A

<0.1%

Ten Mile Creek

0.9%

0.4%

N/A

1.6%

44.6%

52.2%

0.2%

0.1%

<0.1%

Upper Fraser
(above Winter
Park)

0.1%

0.8%

0.05%

5.8%

4.6%

63.4%

N/A

N/A

25.3%

Upper Ranch
Creek

N/A

N/A

N/A

N/A

0.6%

75.1%

0.1%

N/A

24.1%

Vasquez Creek

0.8%

0.0%

N/A

1.6%

2.4%

62.4%

N/A

N/A

32.8%

Note:

N/A = not applicable

Export coefficients were used to predict average annual land-use loads of total nitrogen and
total phosphorus for each sub-basin, based on data from Corbitt (1990) and Reckhow and

Chapra (1983). Loadings of total nitrogen from wetlands, open water, and tundra/bare

ground areas were estimated based on information on atmospheric deposition and
precipitation in Colorado (Wolfe et al. 2003). While bare rock and open water connected
directly to flowing water might be expected to export most of what is delivered by
precipitation, tundra and wetlands would retain much more of these nutrients (Campbell
et al. 2000). The land use GIS files do not differentiate between directly-connected and
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isolated open water or tundra and bare rock. Based on this, 10% of the atmospheric
deposition and precipitation estimates were used for export coefficients for these land-use
types. Using these assumptions, tundra, open water, and wetlands account for only a small
amount of total nitrogen and total phosphorus loading for the basin (less than 2% total).
For the other land use types, a wide range of export coefficients are reported in the
literature. For this model, export coefficients were set to be the minimum value from
Corbitt (1990) and Reckhow and Chapra (1983) for total nitrogen and the minimum plus
10% of the range between the minimum and maximum value for total phosphorus. The
rationale for this approach is as follows:

Because this is not a mechanistic model of nutrient loading, attenuation coefficients are
used to calibrate input nutrient loads to match in-river target concentrations based on
observed data. Further, since there are no data to support source-specific attenuation
settings, attenuation coefficients affect all load sources in a given reach/sub-basin.
These attenuation coefficients are locked at calibrated settings for scenario simulations.
Given this approach and the uncertainty in export coefficients, it was decided that
export coefficients should be set as low as possible to still meet all monthly calibration
targets. This effectively minimizes attenuation coefficients while still honoring the
literature export coefficients ranges. Minimizing attenuation coefficients was done out
of concern that overestimation of actual attenuation could potentially obscure changes
in the simulation of scenarios.

In the case of total nitrogen export coefficients, minimum literature land-use export
coefficients, combined with other loading terms (WWTPs and OWTSs), in the absence
of attenuation, generated more than sufficient loads to meet calibration target
concentrations. For total phosphorus, minimum export coefficients did not generate
enough total phosphorus in the system to meet calibration targets in all months.
Therefore, minimum export coefficients were increased by 10% of the literature range,
so there was more than adequate loading in each month to meet calibration targets.

Table 4.6.2-10 lists the export coefficient data used for the model.

Table 4.6.2-10
Export Coefficients Used in the Fraser Nutrient Model
Total Nitrogen Total Phosphorus
e B2 (kg/ha/yrg); (kg/ha/?/r)
Residential 5.00 0.49
Commercial 1.90 0.18
Utilities 1.90 1.22
Mixed/Other Urban 1.90 1.22
Agriculture 1.50 0.58
Forested 1.40 0.10
Open Water 0.20 0.02
Wetland 0.20 0.02
Tundra/Bare Ground 0.20 0.02

Note:
kag/halyr = kilograms per hectare per year

Water Quality — Proposed Action — Fraser River 4-223



Chapter 4 - Total Environmental Effects

As noted, land use loads were divided by sub-basin within the model according to land use
breakdown of the basin. Land use loads were also varied by month according to percent of
annual flow in the river in the given month. Further, recognizing that load can increase
with increased runoff conditions from year-to-year (such as differences reported in Lewis

et al. 1984), annual land use loads for scenario runs were adjusted over the 45-year
simulation period. The export coefficients applied are rough values in units of mass load
per acre per year. In an effort to account for this recognized variation in loading in years
with non-average runoff conditions, land-use loads were adjusted by percent multipliers
reflecting differences in annual river flow (at the mouth) relative to the average of the
45-year simulation period. The uncertainty of this approach is recognized; however, the
available dataset does not support an analysis of sub-basin land use loading over a range of
conditions or development of a mechanistic watershed model. This approach was applied
consistently over all runs, including simulation of Current Conditions, making results

comparable.

Table 4.6.2-11 shows the total annual, unattenuated nutrient loads from the three source
types included in the nutrient model for an average year for Current Conditions (2006).
The table also shows loading from the WWTPs for 2032, reflecting values in

Table 4.6.2-11 and Table 4.6.2-12.

Table 4.6.2-11
Total Average Annual Unattenuated Nutrient Loads
to the Fraser River Basin, Current Conditions (2006)

Source-Type Tota! Nitrogen Total I_Dhosphorus
Loading (kg/yr) Loading (kg/yr)

Land Use (Current Conditions and 2032) 93,508 13,397
On-sij[g Wastewater Treatment Systems (Current 5198 98
Conditions and 2032) ’

(S:gn\é\ilgztﬁgater Treatment Plants (Current 33171 9,238

Six Wastewater Treatment Plants (2032) 34,053 3,235
Note:
kglyr = kilograms per year

Table 4.6.2-12

Percent Contribution of Each Loading Term to Simulated Total
Nitrogen and Total Phosphorus Concentrations at the Mouth
of the Fraser River, Current Conditions (2006)

Source-Type Total Nitrogen Total Phosphorus
Upstream Boundary Condition Inflow at Winter Park 0.6% 0.1%
Land Use 52.6% 43.5%
On-site Wastewater Treatment System 3.8% 0.4%
Six Wastewater Treatment Plants 43.0% 56.0%

Table 4.6.2-12 presents the percent contribution of each loading source to the calculated
concentration at the mouth of the Fraser River for the calibrated Current Conditions
simulation. These percentages were determined by running the model repeatedly (2006)
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with only one loading term. Results show that, for this mass balance tool, land use loading
and WWTP loading comprise the vast majority of the simulated concentrations response at
the mouth of the Fraser River.

As noted above, the model was calibrated by adjusting monthly attenuation factors. For
calibration, an average year of input monthly flows was developed from the full set of

45 PACSM years. Monthly inflow concentrations at the upstream end of the model were
set to median monthly values for the observed dataset (1995-2012) at USGS gage
#09022000, Fraser River at Upper Station near Winter Park. Target monthly calibration
total nitrogen and total phosphorus concentrations were developed for five locations in the
basin:

e The mouth of Ranch Creek (USGS gage #9033100);

e Fraser River at Tabernash (USGS gage #9027100);

e The mouth of Crooked Creek (USGS gage #395927105505700);

e Fraser River below Crooked Creek (USGS gage #9033300); and

e The mouth of the Fraser River (FR-WGU; Northern Water gage).

Target monthly concentrations at each location were developed from median values using
available data collected between 1995 and 2012. Observed minimum and maximum
monthly values at each location were also considered in the calibration. Calibration results
for total nitrogen and total phosphorus are presented in Figure 4.6.2-16 and Figure 4.6.2-17,
respectively.
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Figure 4.6.2-16

Total Nitrogen Calibration for Fraser River Nutrient Model

1600 —=— Calibration Target (median) ||| 1600 —s— Calibration Target (median)
| _ =
Ey 1400 —e— Calibration B e —e—Calibration
21200 | Observed Min = 1200 Observed M
-— Serve: in
g 1000 Observed Max ‘g 1000 o "
= == -0bserved Max
€ 200 4 S 800
<] =
£ 600 - -E 500
5
2 |
% 400 ‘: 400
E 200 4 . z 20!
0 § » 0
1 2 3 6 7 8 9 10 11 12 6 7 8 9 0 11 12
Month Month
1600 —— Calibration Target (median) — 1600 —@— Calibration Target (median)
=
£ 1400 - - —e— Calibration 3 a0 —e— Calibration
el 3
£§ 1200 Observed Min & 1200 Observed Min
22 000 Observed Max % 1000 Observed Max
5B N
| 800 S
e ]
] ﬁ 600 =
= H 2
T & 400 E
3 2
E 200 5
0 0
1 2 3 6 7 8 9 10 11 12 6 7 8 g o 1 12
Month Month

1600
1400 -
1200
1000
800
600
400 +
200

Fraser TN at mouth (ug/L)

=@ Calibration Target (median)

—a— Calibration
Observed Min
Observed Max

6 7 8 9 10 11 12
Month

4-226 Water Quality — Proposed Action — Fraser River




Chapter 4 - Total Environmental Effects

Figure 4.6.2-17
Total Phosphorus Calibration for Fraser River Nutrient Model
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The calibrated model was then used to simulate monthly total nitrogen and total phosphorus
concentrations along the Fraser River for the PACSM hydrologic period of WY 1947
through WY1991. Simulations for 2032 conditions applied identical OWTS loading,
assuming all population growth within the Fraser River Basin would use WWTPs. This
assumption is consistent with the assumption applied to the hydrologic model (PACSM)
simulations. WWTP flows assume 2032 build out for all simulations other than existing

use, with flow and concentration assumptions applied as described above. The model
provided output from four stations:

Fraser River below the Fraser Sanitation District WWTP;

Ranch Creek at the mouth;
Crooked Creek at the mouth3; and

Fraser River at the mouth.

®Denver Water has no diversions or impacts on Crooked Creek but this reach was modeled because permitted discharges in the basin
could impact nutrients in the mainstem of the Fraser River.
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Results were aggregated into average, dry, and wet years, similar to that done for the
PACSM results (refer to Appendix H-2). Time series plots of total nitrogen and total
phosphorus concentrations at the mouth of the Fraser River are shown in Figure 4.6.2-18
and Figure 4.6.2-19, comparing simulation results for Current Conditions (2006) and the
Proposed Action with RFFAs (2032).

Figure 4.6.2-18
Monthly Simulated Total Nitrogen Concentrations at the Mouth of the Fraser River,
Current Conditions (2006) and the Proposed Action with RFFAs (2032)
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Figure 4.6.2-19
Monthly Simulated Total Phosphorus Concentrations at the Mouth of the Fraser
River, Current Conditions (2006) and the Proposed Action with RFFAs (2032)
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The results indicate increased total nitrogen concentrations in the Fraser River for the Full
Use with a Project Alternative with RFFAs (2032) scenario, and decreased total phosphorus
concentrations in the Fraser River for the Full Use with a Project Alternative (2032)
scenario, relative to Current Conditions (2006). Simulated total nitrogen and total
phosphorus concentrations were similar for all runs simulating 2032 conditions

(i.e., Alternatives 1a, 1c, 8a, 10a, and 13a, and the No Action Alternative). The biggest
monthly differences in both total nitrogen and total phosphorus concentrations between
Current Conditions and 2032 simulations tend to occur in winter months when flow rates
are lowest. The differences are largely the result of the simulated changes in loading from
WWTPs. As noted in Table 4.6.2-13, annual loads from WWTPs for 2032 simulations
increase for total nitrogen, reflecting increased population and flow rates, while WWTP
annual loads of total phosphorus decrease (Table 4.6.2-14), due to improved treatment at
two major plants discharging to the mainstem (i.e., Granby and Fraser).

Table 4.6.2-13
Modeled Annual Average Total Nitrogen Concentration
Changes in the Fraser River Basin

Average Annual Total Nitrogen Concentrations, pg/L
. . i i Percent
Station Curren(t2 (C):Ooer;dltlons :Il:élrrgasfi\%lwi?hpélgjlfgs Change
(2032)

Average Year
Fraser below Fraser WWTP 742 1,073 +45%
Ranch Creek at Mouth 219 238 +9%
Crooked Creek at Mouth 469 484 +3%
Fraser at Mouth 514 632 +23%
Dry Year
Fraser below Fraser WWTP 849 1,236 +45%
Ranch Creek 213 228 +7%
Crooked Creek 495 515 +4%
Fraser at Mouth 586 707 +21%
Wet Year
Fraser below Fraser WWTP 641 926 +44%
Ranch Creek 224 241 +8%
Crooked Creek 390 399 +2%
Fraser at Mouth 461 568 +23%

Notes:

pa/L = micrograms per liter

RFFA = reasonably foreseeable future action

WWTP = Wastewater Treatment Plant
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Table 4.6.2-14
Modeled Annual Average Total Phosphorus Concentration
Changes in the Fraser River Basin

Average Annual Total Phosphorus Concentrations, pg/L
: .. i i Percent
Station Cu rreng2 (C)Zoosr;dltlons :Il:él rr?:i\\/lglwi ?hpégjsg\ts Change
(2032)

Average Year
Fraser below Fraser WWTP 130 73 -44%
Ranch Creek 29 33 +15%
Crooked Creek 79 82 +3%
Fraser at Mouth 70 50 -28%
Dry Year
Fraser below Fraser WWTP 160 84 -48%
Ranch Creek 29 33 +15%
Crooked Creek 82 85 +4%
Fraser at Mouth 82 54 -35%
Wet Year
Fraser below Fraser WWTP 104 62 -40%
Ranch Creek 29 32 +12%
Crooked Creek 68 69 +2%
Fraser at Mouth 60 47 -22%

Notes:

pa/L = micrograms per liter
RFFA = reasonably foreseeable future action
WWTP = Wastewater Treatment Plant

The increases in total nitrogen and decreases in total phosphorus concentrations in the
mainstem of the Fraser River would be moderate to major. The increases in total nitrogen
and total phosphorus concentrations in Ranch Creek would be moderate. The increases in
total nitrogen and total phosphorus concentrations in Crooked Creek would be minor to
negligible. As discussed above, all of these impacts are primarily attributable to changes in
WWTP flow rates (with population growth) and concentrations (with anticipated changes in
treatment efficiency). Results from the Fraser nutrient mass-balance model were used as
input for the Three Lakes Model.

e) Potential Impacts to WWTP Dischargers

To estimate potential changes in assimilative capacity, the acute and chronic low flows
were calculated for Current Conditions (2006), Full Use of the Existing System, and Full
Use with a Project Alternative with RFFAs (2032). CDPHE has modified an EPA program,
DFLOW, for calculation of acute and chronic low flow (Pierce 2010). Table 4.6.2-15
shows the results of this program using the daily PACSM estimated flows for each
condition and for each of the five WWTPs.
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Table 4.6.2-15
Calculated Acute and Chronic Low Flow

e Full Use with a Project
Current Conditions (2006) Fulll e i e SO Alternative with RFFAs
Wastewater System (2032)
Treatment Plant
Acute Low | Chronic Low | Acute Low | Chronic Low | Acute Low | Chronic Low
Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs)
Winter Park Water
and Sanitation 2.8 2.8 2.0 2.6 2.0 2.6
District
Fr_ase_r Sanitation 63 96 24 37 24 37
District
Tabernash 15.8 19.8 16 19.9 16 19.9
Devil’s Thumb 0.4 0.4 0.4 0.5 0.4 05
Ranch
Granby Wastewater 136 19.7 14.9 19.4 15.1 19.4
Treatment Facility

As shown in Table 4.6.2-15, reductions in acute and/or chronic low flows are anticipated to
occur between Current Conditions (2006) and Full Use with a Project Alternative with
RFFAs (2032) for Winter Park Water and Sanitation District, Fraser Sanitation District, and
Devil’s Thumb Ranch. Conversely, slight increases to acute and/or chronic low flows are
anticipated to occur between Current Conditions (2006) and Full Use with a Project
Alternative with RFFAs (2032) for Tabernash, Devil’s Thumb Ranch, and Granby
Wastewater Treatment facilities. These slight increases in acute and chronic low flows are
attributable to slight increases in average stream flows in October of dry years, at which
times increased diversions would not occur under the Proposed Action with RFFAS (see
Appendix H-1.50).

The Winter Park Water and Sanitation District and the Fraser Sanitation District are likely
to have impacts to their WWTP discharge permits because of the estimated changes in
acute and chronic low flow. The magnitude of the change in their discharge permits is
unknown and is dependent on the ability of the existing plant to provide treatment in excess
of permit requirements. If the proposed nutrient standards are promulgated, the wastewater
plants may need upgrades to avoid experiencing impacts from lower flows. Any flow
related impacts to discharge permits would be due to cumulative conditions and would be
the result of lower flows in non-runoff months. The lower flows in non-runoff months
would primarily be due to increased water use in Grand County as discussed in

Section 4.6.1. The remaining plants are not likely to have impacts from the lower flows as
the acute and chronic low flows are estimated to stay the same or increase under projected
conditions.

f) Effects Due to Changes in Tributary Flows and Water Quality

Two flow conditions were used to evaluate potential impacts caused by changes in tributary
water quality: runoff months and non-runoff months. During runoff months, increases in
diversions by Denver Water through the Moffat Tunnel would occur. During non-runoff
months, changes in flows between Current Conditions (2006) and Full Use with a Project
Alternative with RFFAs (2032) would occur, but these are primarily caused by changes
from in-basin diversions as discussed in Section 4.6.1.
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During non-runoff months, changes in flow occur between Current Conditions (2006) and
Full Use with a Project Alternative with RFFAs (2032) at Fraser River below Vasquez Creek
(Node 2600) and Fraser River below St. Louis—Hammond Ditch No. 1 (Node 2700). These
are summarized in Appendix H-2. These changes in flow would result from increased
diversions from Vasquez Creek by Grand County Water and Sanitation District and increased
diversions from the Fraser River by the Town of Fraser. When evaluating effects of changes
in tributary water quality, VVasquez Creek would provide proportionally less water to the
Fraser River than St. Louis Creek. The relative reduction in water from Vasquez Creek
would result in increased iron and zinc concentrations, potentially leading to stream standard
exceedances in Vasquez Creek. However, exceedances of stream standards in the Fraser
River would not be anticipated as a result of the Proposed Action with RFFAs based on data
for these constituents at water quality stations upstream of Vasquez Creek.

The change to copper concentrations is unknown, but copper concentrations in Vasquez
Creek are suspected of being near the stream standard. The proportional contribution by
Vasquez Creek and the resultant influence on the Fraser River would likely reduce copper
concentrations. However, because the source of copper in the Fraser River is unknown
(except for partial contribution of the Moffat Tunnel permitted discharge), the magnitude of
the potential change in copper concentrations cannot be numerically quantified.
Considering that water quality stations on the Fraser River downstream of St. Louis Creek
are within stream standards, it is likely that water quality in St. Louis Creek is also within
stream standards. Therefore greater relative flow from St. Louis Creek is not likely to
cause the Fraser River to exceed stream standards.

During runoff months, the influence from Vasquez Creek would be similar during average
and wet years with somewhat more influence during dry years. As noted above, copper
concentrations may change but it is not possible to numerically quantify the magnitude
using currently available data. Water quality in St. Louis Creek is likely within standards
and therefore changes from St. Louis Creek would not likely cause exceedances of stream
standards in the Fraser River. Segments of the Fraser River near Crooked Creek and Ranch
Creek are noted in Section 3.2 to have had instances of stream standard exceedances for
pH. Influences from Crooked Creek and Ranch Creek on these exceedances are unknown.
Projected changes in flow from diversions in the Ranch Creek watershed would be less than
10% of total flow below Crooked Creek. Therefore, no changes in water quality below
Crooked Creek are anticipated to be caused by changes in the percent of the flow
contributed from Ranch Creek.

g) Effects on Vasquez Creek Caused by Increased Flows Through the Gumlick Tunnel

Diversions from the Williams Fork River Basin through the Gumlick Tunnel (also called
the Jones Pass Tunnel) and the Vasquez Tunnel would increase under the Proposed Action
with RFFAs. These increased water deliveries from one basin could change the water
quality in the receiving basin. The changes in flow would be nearly identical for all action
alternatives.

To determine potential impacts, two sets of data from Current Conditions (2006) were
examined. The first was water quality in Vasquez Creek, both upstream and downstream of
the tunnel discharge. Adequate data were not available through EPA’s Storage and
Retrieval Data Warehouse (STORET) or the USGS website, therefore Denver Water
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provided data from their operational records. The second set of data included potential
changes in the water delivered through the Gumlick Tunnel.

The water quality data for Vasquez Creek are presented in Table 3.2-6. Those parameters
indicating a change greater than 15% (upstream to downstream) are dissolved cadmium,
dissolved copper, Escherichia coli (E. Coli), dissolved nickel, temperature, and dissolved
zinc. Therefore, there would be a change in water quality that would potentially be caused
by water deliveries through the Gumlick and Vasquez tunnels. These changes are
individually discussed below.

Dissolved Cadmium — Cadmium shows a decrease downstream of the tunnel
discharge. However, the detection limit in the method used is 0.1 pg/L. Using CDPHE
procedures, samples with values below detection limits were changed to “0” for
statistical purposes. The actual change above and below the tunnel is likely very small
because most data points are below detection limits, with one or two samples being
slightly above detection limits at locations above the tunnel. Water quality data in the
tunnel (Denver Water sample site “Vasquez Tunnel Outlet”) indicate a slightly higher
value at the 85" percentile (0.12 pg/L). Again, the detection limit was 0.1 pg/L and this
value represents two samples being above detection limits. The stream standard is

0.55 pg/L. No change would occur with regard to cadmium due to changes in
deliveries through the Gumlick and Vasquez tunnels.

Dissolved Copper — Copper shows a decrease downstream of the tunnel discharge.
Again, the detection limit is equivalent to the calculated 85" percentile, 3 ug/L. The

85™ percentile value above and in the tunnel is calculated to be 0. However, similar to
cadmium, these changes are likely because all values are near the detection limit. The
stream standard for copper is 1.67 pg/L, which is less than the detection limit of the
method used. Concentrations of copper for all three locations (above the tunnel
discharge, at the diversion, and in the tunnel) are expected to be near the detection limit or
below. No changes are expected with regard to copper due to changes in deliveries
through the Gumlick and Vasquez tunnels.

E. Coli — E. Coli shows an increase downstream of the tunnel discharge. The value in
the tunnel is 0.75 (most probable number [MPN]/100 ml), which is very similar to the
value above the tunnel discharge. E. Coli concentrations are affected by many factors,
including the presence of wildlife. The stream standard for E. Coli is 126 MPN/100 ml.
All three locations indicate water of pristine water quality. No change is expected with
regard to E. Coli because of changes in deliveries through the Gumlick and Vasquez
tunnels.

Dissolved Nickel — Dissolved nickel shows a decrease downstream of the tunnel
discharge. However, the detection limit for the various samples ranges from 0.8 to

2.0 po/L. Therefore the decrease is likely a result of testing limits and the statistical
methods used. The stream standard is 9.9 pg/L, which is well above any changes noted
in the water quality data. No changes in dissolved nickel concentrations would occur as
a result of changes in deliveries through the Gumlick and Vasquez tunnels.

Temperature — Temperature increases in the downstream direction. This is to be
expected as the stream descends to warmer elevations. The 85" percentile for
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temperature is well below the stream standard. No change is expected with regard to
temperature because of changes in deliveries through the Gumlick and Vasquez tunnels.

e Dissolved Zinc — Dissolved zinc shows a decrease downstream of the tunnel discharge.
The stream standard is 22 pg/L. The 85™ percentile value is well within this limit both
upstream and downstream of the tunnel. For all three sample locations, an unusually
high value was reported on the same sample date (June 29, 2005), leading to suspicion
with the data. This one sample date impacts the 85" percentile calculation as most
samples had concentrations below the detection limit. Additionally, data taken in the
Williams Fork River Basin on June 30, 2005, also resulted in unusually high values.
The concentrations from the other sample dates are clustered around the detection limit.
No change would be expected with regard to dissolved zinc due to changes in deliveries
through the Gumlick and Vasquez tunnels.

All parameters evaluated were below drinking water standards with the exception of total
coliform and turbidity. Turbidity is an indication of sediment and silt in the water and
cannot be expected to approach zero, except after treatment. Drinking WTPs and the
drinking water regulations focus on removal of turbidity with the understanding that natural
waters would have varying degrees of turbidity. Coliform are a type of bacteria that occur
both naturally with fecal coliform coming specifically from human and livestock waste.
Coliform are measured in treated drinking water as an indicator of the presence of
potentially harmful microscopic organisms. Again, all drinking WTPs and the drinking
water regulations focus on inactivation of coliform and other pathogens with the
understanding that natural waters would have some degree of microbial activity such as
coliform. The measured values for coliform and turbidity in this water source indicate high
quality water sources.

Potential changes in water quality in water diverted to the Gumlick Tunnel could impact
water quality in Vasquez Creek. The water quality in the Gumlick and Vasquez tunnels
would not be expected to change due to increased diversions. The diversions would
continue to come from headwaters areas where water quality is generally high. No other
inputs of water into the Fraser River Basin would occur under the Proposed Action with
RFFAs. Therefore, negligible impact is expected on Vasquez Creek, and therefore also on
the Fraser River, resulting from additional diversions through the Gumlick and Vasquez
tunnels.

Conclusions for the Fraser River Basin

A summary of potential changes in water quality in the Fraser River Basin as a result of
changes from Current Conditions (2006) to Full Use with a Project Alternative with RFFAs
(2032) conditions follows:

e Potential changes in the concentrations of parameters of interest (copper, iron, pH, and
zinc) are not quantified due to lack of long-term and reliable data.

e Ranch Creek is anticipated to be impacted from negligible to moderate levels with
regard to temperature impairment. Application of the available data and methods
indicate a negligible level of impact would be expected. Ranch Creek is currently listed
on the Section 303(d) List and more rigorous analysis considering a wider range of
factors that affect stream temperatures may yield additional impacts ranging up to a

4-234 Water Quality — Proposed Action — Fraser River



Chapter 4 - Total Environmental Effects

moderate level if adequate data and methods can be developed. In the absence of this
type of analysis, the transition to Full Use of the Existing System, RFFAs, and the
Proposed Action are not expected to increase the frequency of stream standard
exceedances.

Fraser River Sections 10b and 10c are anticipated to be impacted from negligible to
moderate levels with regard to temperature impairment. Application of the available
data and methods indicate a negligible level of impact would be expected. These Fraser
River segments are currently listed on the Section 303(d) List and more rigorous
analysis considering a wider range of factors that affect stream temperatures may yield
additional impacts ranging up to a moderate level if adequate data and methods can be
developed. In the absence of this type of analysis, the transition to Full Use of the
Existing System, RFFAs, and the Proposed Action are not expected to increase the
frequency of stream standard exceedances.

A potential effect on the Moffat Tunnel discharge permit is possible due to reduced
acute and chronic low flows. The magnitude of the impact is not quantified due to lack
of long-term and reliable data.

Changes in nutrient levels, specifically total nitrogen and total phosphorus are
anticipated to result in moderate to major impacts for the Fraser River and Ranch Creek.

Potential changes in discharge permits for the Winter Park Water and Sanitation District
and Fraser Sanitation WWTPs are expected but the magnitude of change is unknown.
This change would be primarily due to lower flows in non-runoff months as a result of
increased water use in Grand County.

The percent of the river that would be effluent contributed by the Winter Park,
Tabernash, Devil’s Thumb, and Granby WWTPs is expected to remain in compliance
with the current permitted limit for projected flows under Full Use with a Project
Alternative with RFFAs (2032) conditions.

The percent of the river that would be effluent contributed by the Fraser Sanitation
District WWTP flows is projected to be greater than current permitted percentages
under Full Use with a Project Alternative with RFFAs (2032) conditions. The impact of
this change is not quantified because the ability of the plant’s current treatment
processes to respond to more stringent requirements is unknown and extent of future
treatment regulations are uncertain.

There are no cumulative impacts projected due to changes in the tributary water quality.

There are no cumulative impacts projected due to changes in deliveries through the
Gumlick and Vasquez tunnels.

Williams Fork River

The Proposed Action with RFFAs may have the following potential water quality impacts
to the Williams Fork River upstream and downstream of the Williams Fork Reservoir:

a) Reduction in Assimilative Capacity for Climax Mine Discharges: A reduction in

dilution of the Climax Mine discharge would increase contaminant concentrations to
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harmful levels and potentially impacts the Climax Mine discharge permit due to flow
changes.

b) Effects Due to Changes in Tributary Flows and Water Quality

c) Potential Effects on Dissolved Oxygen and Temperature Due to Changes in Reservoir
Releases

Each of these potential water quality impacts is discussed below:
a) Reduction in Assimilative Capacity for Climax Mine Discharges

The discharge from Climax Mine is governed by CDPHE Discharge Permit

No. CO0000230, which allows a maximum discharge of 0.1 mgd (or about 0.155 cfs).
When CDPHE performs an anti-degradation review, one test to determine significance is
dilution. The minimum dilution rate at which a new or increased discharged would no
longer be considered significant is 100:1. Therefore, an insignificant degradation would
result for flows greater than 15.5 cfs. The PACSM simulation looked at 30 years in which
flow was projected to occur less than 15.5 cfs and demonstrated occurrences of 848 days
under Current Conditions (2006), and 852 days under Full Use with a Project Alternative
with RFFAs (2032) conditions.

The estimated acute and chronic low flows were calculated using DFLOW (Pierce 2010).
The estimated acute low flow, using the PACSM daily data would be 13.1 cfs under both
Current Conditions (2006) and Full Use with a Project Alternative with RFFAs (2032).
The estimated chronic low flow, using the PACSM daily data would be 14.7 cfs under
Current Conditions (2006) and 19.0 cfs under Full Use with a Project Alternative with
RFFAs (2032). Therefore, there are no projected changes in water quality in the Williams
Fork River due to influences from the Climax Mine discharge or changes in flow.
Additionally, there would be no expected impacts to the Climax Mine discharge permit due
to projected changes in flow in the Williams Fork River under the Proposed Action with
RFFA:s.

b) Effects Due to Changes in Tributary Flows and Water Quality

Water quality data and the calculated stream standards for each tributary are discussed in
Section 3.2. The Middle Fork Williams Fork River is upstream of the sampling point on
the mainstem, however, a number of parameters show an increase in concentration
downstream of the confluence of the Middle Fork. Therefore, change in flow from each
tributary has the potential to change water quality in the Williams Fork River. Water
quality is not anticipated to change with regard to the Proposed Action with RFFAS since
all parameters discussed herein are well below stream standards except dissolved copper
and DO. The focus of this subsection is therefore on dissolved copper and DO.

Dissolved copper concentrations range from below detection limits at the headwater
streams to 1.1 mg/L at Sugarloaf Campground, to below detection limits again at Leal.
This is most likely caused by the samples being very close to the detection limit. For the
upstream tributaries, 10 of 11 samples were below the detection limit for dissolved copper.
At Sugarloaf Campground, nine of 11 samples were below the detection limit for dissolved
copper. Typically, copper sources originate from underlying geology or abandoned mining
operations. From the USGS topographic maps of the Williams Fork River Basin, the only
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identified mining operations in the headwaters are on Bobtail and Jones creeks. Therefore,
copper concentration would not likely exceed the stream standard with changes in flow.

The year-round standard for DO is 6.0 mg/L, and the spawning standard is 7.0 mg/L. For
two sites on the mainstem of the Williams Fork River, DO concentrations are around the
15" percentile. For both of these sites, two low readings were taken, one in October 2003
and the other in October 2004. Samples on the headwater tributaries were taken on
different days. DO changes throughout a stream’s length are anticipated with fluctuations
influenced by organic matter concentrations, temperature, rate of mixing, and many other
factors. The reason(s) for the two low samples recordings at the two sites are unknown, but
with samples taken in October, increased organic matter from leaf fall is possible. Samples
collected during the following two Octobers had adequate DO concentrations, implying that
the earlier low DO readings coincided with low flow periods. Therefore, flow changes in
October were evaluated.

When comparing average year flow rates in the upstream reach of the Middle Fork under
Current Conditions (2006) to flow rates under Full Use with a Project Alternative with
RFFAs (2032) conditions, a decrease in average flow was observed from 1.2 cfs to 0.8 cfs
or about 37% in an average year. The analysis showed no change during dry or wet years.
At Darling Creek (downstream of the Middle Fork), little to no changes in flow during any
condition were observed. Reduced flows combined with the right conditions for leaf fall
have the potential to exacerbate occasional low DO conditions that have been documented.
However, the actual impact is unknown as lower flows also provide for additional surface
area to volume, allowing for greater potential oxygen transfer from the air.

c) Potential Effects on Dissolved Oxygen and Temperature Due to Changes in Reservoir
Releases

Downstream of Williams Fork Reservoir, the Grand County Stream Management Plan
identifies a number of sites where DO samples were below regulatory standards of

6.0 mg/L. The purpose for the regulatory standard on the Williams Fork is two-fold. There
is a minimum of 6.0 mg/L year-round, and during spawning months (April through May
and September through early November), the regulatory minimum is 7.0 mg/L. Data
provided by GCWIN (Bailey 2010) provides the following information on ambient water
quality downstream of the reservoir:

e 15" percentile DO for all data: 6.3 mg/L

e 15" percentile DO for all spawning months: 6.8 mg/L
e 15" percentile DO for spring spawning: 7.0 mg/L

e 15" percentile DO for fall spawning: 5.5 mg/L

The data shows the river to be outside regulatory standards for DO during fall spawning
periods. The cause is unknown but may be the result of reservoir releases during the time
of fall reservoir turnover. In October of average and wet years, an increase in releases from
William Fork Reservoir occurs under Full Use with a Project Alternative with RFFAs
(2032) conditions compared to Current Conditions (2006). Releases in September and
November would be similar under the Proposed Action with RFFAs when compared to
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Current Conditions. If the cause of low DO is due to reservoir releases, added monitoring
and controls of reservoir releases will be valuable in improving low DO levels.

Water temperature below Williams Fork Reservoir would not increase from Current
Conditions (2006) to Full Use with a Project Alternative with RFFAs (2032). Temperature
of released or bypassed water is controlled by temperature of the reservoir at the elevation
from which water is released. Williams Fork Reservoir levels would be higher under Full
Use with a Project Alternative with RFFAs (2032) than under Current Conditions (2006)
due to the expiration of Big Lake Ditch lease and discontinuation of “10,825” Water
releases (see Section 4.3.1). Therefore, reservoir temperature at depth would not increase,
and released water may be colder under Full Use with a Project Alternative with RFFAS
(2032) than under Current Conditions (2006).

Generally, flows below the reservoir under Full Use with a Project Alternative with RFFAS
(2032) conditions would be greater than those under Current Conditions (2006) except
during August and September of about half the years. This increase would occur due to
termination of the Big Lake Ditch lease on Williams Fork water, making more water
available above Williams Fork Reservoir. Furthermore, greater releases for substitution
and exchange would also account for flow increases below Williams Fork Reservoir in late
summer of some years. Average change in flow would increase or stay the same for all
months except August when there would be a 3% reduction in flow.

Conclusions on Potential Changes in Water Quality in the Williams Fork River

A summary of potential changes in water quality in the Williams Fork River as a result in
changes from Current Conditions (2006) to Full Use with a Project Alternative with RFFASs
(2032) follows:

e No impacts are anticipated to the Climax Mine discharge permit.

e The impact of the Full Use with a Project Alternative with RFFAs (2032) on low DO
concentrations near specific sampling stations is unknown.

e No impacts other than potential changes in DO concentrations from changes in tributary
contributions are anticipated.
Colorado River

The Proposed Action with RFFAs may have the following potential water quality impacts
to the Colorado River:

a) Potential Changes in Water Temperature: These include potential increases in the
frequency that the temperature standard is exceeded between Windy Gap and
Kremmling, currently listed on the Section 303(d) List for temperature.

b) Potential Changes to WWTP Discharge Permit and Treated Wastewater
Contributions: These include the potential for more stringent discharge permits for
WWTPs, necessitating capital expenditures for upgrades by local governments.

c) Potential Effects on Aquatic Life Use
d) Potential Changes to Manganese Concentrations Downstream of 578 Road
Each of these potential water quality impacts are discussed below:
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a) Potential Changes in Water Temperature

The Colorado River, as noted in Section 3.2, is listed on the Section 303(d) List with
exceedances of temperature standards downstream of Granby Reservoir. To evaluate the
Colorado River segments with these exceedances and also identify other stream segments
where water temperatures may approach or exceed standards potentially due the Proposed
Action with RFFAs, information was developed for temperature measurements near or
exceeding the standard (within 1°C). GCWIN stations were used because they record data
every 15 to 60 minutes throughout the summer months and span various periods of record.
This information was not screened for days on which air temperature was greater than the
historical 90™ percentile, although State regulations provide for an exception to water
quality standards when air temperature is greater than the historical 90" percentile for that
date. This information is presented in Table 4.6.2-16.

Table 4.6.2-16
Temperature at GCWIN Stations on the Colorado River

Daily Maximum Maximum Weekly Average Temperature
; No. of No. of No. of No. of
) Period | Samples | Samples Max. State Samples | Samples | MWAT State
Station of that thatare | Daily Std that that are (for Std
Record | Exceed within 1° | Max. °C. Exceed | within 1° POR) °C.
State of State °C State of State °C
Std. Std. Std. Std.
Colorado 2005-
River below 2009 0 0 22.1 23.8 1 9 18.5 18.2
Windy Gap
Colorado
River above 2006-
Hot Sulphur 2009 6 13 25.4 23.8 6 5 19.0 18.2
Springs
Colorado 2008-
River below 2009 0 0 21.2 23.8 0 0 17.2 18.2
Byers Canyon
Colorado 2006-
River at Lone 0 0 22.8 23.8 7 6 19.2 18.2
2008
Buck
Colorado 2005-
River above 2008 0 0 22.2 23.8 0 2 17.8 18.2
Kid Pond
Colorado 2007-
River at CR 3 2009 0 1 23.2 23.8 6 6 19.5 18.2
Colorado
River at Con 2006-
Ritschard 2009 0 1 23.1 23.8 0 2 17.7 18.2
Ranch
Colorado
River at 2007-
Kemp-Breeze 2009 0 0 20.8 23.8 0 0 16.1 18.2
Ditch
Colorado
River at 2006-
Highway 9 2010 0 0 22.8 23.8 10 7 19.9 18.2
Bridge
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Samples that approach or exceed the State temperature standard for DM or MWAT (acute
and chronic, respectively) are discussed below. These samples are also highlighted in
italics in Table 4.6.2-6.

e Colorado River at Windy Gap — Three of the 10 MWATS that approached the State
standard occurred during weeks where the air temperature was greater than the
90™ percentile. All MWATS that exceeded or approached the State standard occurred in
August.

e Colorado River above Hot Sulphur Springs — Two of the DMs that approached the
State standard occurred on days where the air temperature was greater than the
90™ percentile. Two of the MWATS that exceeded the State standard and one of the
MWATS that approached the State standard occurred on days where the air temperature
was greater than the 90" percentile.

e Colorado River at Lone Buck — Three of the MWATS that exceeded the State standard
and one of the MWATS that approached the State standard occurred on days where the
air temperature was greater than the 90™ percentile.

e Colorado River above Kid Pond — There were no exceedances of State standards.
Occasions of the MWAT approaching the State standard did not coincide with air
temperature greater than the 90" percentile.

e Colorado River at CR3 — The DM that approached the State standard occurred on a
day where the air temperature equaled the 90™ percentile. Four of the MWATS that
exceeded the State standard and one of the MWATS that approached the State standard
occurred on days where the air temperature was greater than the 90™ percentile.

e Colorado River at Con Ritschard Ranch — There were no exceedances of State
standards. Occasions of the MWAT approaching the State standard did not coincide
with air temperature greater than the 90™ percentile.

e Colorado River at Highway 9 Bridge — One MWAT occurred on a day where the air
temperature equaled the 90™ percentile.

The previous section that discussed potential changes in water temperature in the Fraser
River showed that a direct statistical correlation between stream flow and water temperature
could not be used to reliably predict changes in stream temperatures. Evaluations similar to
those in the Fraser River section of this EIS were developed for the GCWIN stations on the
Colorado River below Windy Gap. The methodology was the same as that used for the
Fraser River Basin. The data sources were (period of analysis was 2005-2010):

e GCWIN Station: COR-blwWG — 15-minute water temperature

e USGS Station: #09034250 (Colorado River at Windy Gap) — daily flow and maximum
daily water temperature for missing data at COR-blwWG

e NOAA Weather Station: #59096 (Williams Fork Dam) — maximum daily air
temperature

Figure 4.6.2-20 shows the flow versus water temperature for the Colorado River below
Windy Gap. The R-squared value is low at 0.017. The slope of the best fit line, at 0.004,
also indicates very little correlation in this dataset between flow and water temperature. As
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discussed in the Fraser River section, air temperature, as shown in Figure 4.6.2-21, has a
much better correlation with an R-squared of 0.74 and a slope of the best fit line of 0.59.
Figure 4.6.2-22 indicates that water temperature closely follows air temperature, as shown
for the Fraser River.

Similar to the Fraser River, the Colorado River is on the Section 303(d) List and additional
evaluation was performed to determine the degree of correlation between flow and water
temperature for narrow bands of air temperature. The methodology used for evaluation was
the same as that used for the Fraser River.

Figure 4.6.2-20
Relationship Between Flow and Water Temperature for
Colorado River below Windy Gap

Colorado River below Windy Gap (GCWIN)
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Figure 4.6.2-21

Relationship Between Air Temperature and Water Temperature for
the Colorado River below Windy Gap
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Figure 4.6.2-22

Typical Water Temperature, Air Temperature, and Flow Over Time
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Figure 4.6.2-23 includes graphs for various temperature ranges versus flow for the
Colorado River below Windy Gap. This site has not exceeded the State standard for DM
temperature in any data evaluated but has exceeded the MWAT as detailed in Section 3.2.
The July and August flows evaluated in this additional analysis had a minimum of 87 cfs
and an 85" percentile of 331 cfs. This site also had the strongest consistency between air
temperature groups and as well as the highest R-squared values. However, the range of
slopes for this site is -0.02 to -0.002, with an average of -0.01, indicating very little
correlation between water temperature and stream flow for this dataset. Additionally,
slopes of the best fit lines (an average of 0.1°C water temperature change for every 10 cfs in
flow change) indicate that potential trends identified in this dataset could be at least
partially due to the magnitude of the measurement error for water temperature data and are
likely within the accuracy of the data. The R-squared values ranged from 0.007 to 0.81.
The strongest R-squared value occurred for the air temperature group 84°F. The slope for
the best fit line at this air temperature group was -0.017. This slope is likely within the
accuracy of the water temperature data (0.17°F for every 10 cfs). The next strongest
correlation was for the air temperature group 86-89°F. The slope for the best fit line at this
temperature group was -0.016 with an R-squared of 0.77. Again, the slope of the best fit
line is likely within the accuracy of the water temperature data.

Similar to Ranch Creek, additional analysis was performed to determine the relationship
between water temperature and flow rate. On the first day of water temperature exceeding
the MWAT, the flow rate was evaluated to determine if it increased or decreased and at
what percentage. There were a total of 28 occurrences in the period of record where one or
more days were above the MWAT. Of these, 18 had a decrease in flow rate from the
previous day, with an average decrease in flow of less than 9%. Of the 10 days that had an
increase in flow, the average increase in flow was about 10%.

Similar to Ranch Creek, an evaluation was conducted of the number of days with high
water temperature (exceeding the MWAT standard) that occurred during periods of low
flow (defined as flow less than 15" percentile). If a strong correlation exists between
stream flow and water temperature, a disproportionate number would be expected to occur
on days of low stream flow.

A total of 147 days for the period of record had water temperature in excess of the MWAT.
Of these, 31 days, or about 21%, occurred on days when stream flow was below the
15" percentile.

The above evaluations show that the available data do not support a direct statistical
correlation between water temperature and flow.
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Figure 4.6.2-23
Mean Daily Flow Rate Versus Water Temperatures for the Colorado River below
Windy Gap (No Exceedance of State Acute Water Temperature Standard at this Site)
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Figure 4.6.2-23 (continued)
Mean Daily Flow Rate Versus Water Temperatures for the Colorado River below
Windy Gap (No Exceedance of State Acute Water Temperature Standard at this Site)
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Figure 4.6.2-23 (continued)
Mean Daily Flow Rate Versus Water Temperatures for the Colorado River below
Windy Gap (No Exceedance of State Acute Water Temperature Standard at this Site)
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In summary, differences between water temperatures under Current Conditions (2006)
relative to water temperatures under Full Use with a Project Alternative with RFFAs (2032)
conditions are expected to be minor. For the Colorado River, where listed in Regulation 93
on the Section 303(d) List (CDPHE 2012a), application of the available data and methods
indicate a negligible level of impact would be expected. This river section is currently on
the Section 303(d) List and more rigorous analysis considering a wider range of factors that
affect stream temperatures may yield additional impacts ranging up to moderate if adequate
data and methods can be developed. In the absence of this type of analysis, the transition to
Full Use of the Existing System, Proposed Action with RFFAS, are not expected to increase
the frequency of stream standard exceedances.

b) Potential Changes to WWTP Discharge Permit and Treated Wastewater
Contributions

Hot Sulphur Springs WWTP is a minor discharger and has a greater than 1:100 dilution
ratio. The current permitted discharge is 0.09 mgd (0.14 cfs). Changes in low flow would
need to be extreme to have any impact to the Hot Sulphur Springs permit. Acute low flow
was calculated using daily data from PACSM Node 1400, Colorado River at Hot Sulphur
Springs. The lowest calculated acute low flow was 26.7 cfs, significantly more than a
1:100 dilution ratio. Therefore, impacts to the Hot Sulphur Springs WWTP discharge
permit due to changes in flow between Current Conditions (2006) and Full Use with a
Project Alternative with RFFAs (2032) conditions are not anticipated. Because the Hot
Sulphur Springs WWTP is such a small discharger, changes in water quality in the
Colorado River are not anticipated due to projected changes in flow.

c) Potential Effects on Aquatic Life Use

The upper Colorado River from the outlet of Windy Gap Reservoir to the 578 Road Bridge
is listed on the Monitoring and Evaluation List for Aquatic Life Use (CDPHE 2012a). A
discussion of the Aquatic Life Use listing and potential impacts related to the Proposed
Action with RFFAs is presented in Section 4.6.11.

d) Potential Changes to Manganese Concentrations Downstream of 578 Road

Manganese concentrations exceed the secondary drinking water standard at two sites in
Table 3.2-12. Additionally, the Colorado River from the 578 Road bridge to the confluence
with the Blue River is on the Section 303(d) List for manganese exceeding the drinking
water standard (CDPHE 2012a). The drinking water standard is a secondary standard,
suggested by the EPA to limit aesthetic concerns and customer complaints; there is no
concern with human health. Manganese is easily removed in conventional drinking WTPs
via blending, aeration, green sand filtration, or precipitation/sedimentation/filtration. The
concentrations noted in Table 3.2-12 and by the State are well below the aquatic life
standard (typically above 1,000 pg/L but dependent on hardness). The source of the
manganese is unknown, and therefore effects from Full Use with a Project Alternative with
RFFAs (2032) are difficult to characterize. Two public drinking water suppliers use this
section of the Colorado River: Town of Hot Sulphur Springs and Town of Kremmling.
Manganese levels are not anticipated to affect either supplier. Treatment to reduce
manganese concentrations is voluntary and at the discretion of water suppliers.
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Conclusions on Potential Changes in Water Quality in the Colorado River

Potential changes in water quality in the Colorado River due to changes from Current
Conditions (2006) to Full Use with a Project Alternative with RFFAs (2032) conditions
include:

e Negligible to moderate impacts would occur to temperature in the Colorado River.
Impacts are characterized as ranging up to moderate because the Colorado River is
already on the Section 303(d) List; however, an increase in the frequency of days in
which the DM or the MWAT exceed the standard is not anticipated based on currently
available data and methods.

e No impacts to WWTPs are anticipated as the only permitted WWTP has a current
dilution rate of greater than 1:100.

¢ No significant impacts to WTPs are anticipated from changes in manganese concentrations
as the concentrations are already exceeding secondary drinking water standards, and the
conventional treatment processes are applicable and can be implemented at the discretion of
the plant owners.

e No impacts to aquatic life are anticipated from changes in manganese concentrations as
current concentrations are orders of magnitude below aquatic life stream standards.
Blue River

The Proposed Action with RFFAs may have the following potential water quality impacts
to the Blue River:

a) Changes in Discharge Permits for WWTPs, Necessitating Possible Plant Upgrades
b) Changes in Water Quality Due to Changes in Tributary Flows and Water Quality
c) Changes in Water Quality Related to Treated Wastewater Discharges

d) Changes in Water Quality Due to Changes in the Water Quality and/or Release
Patterns of Dillon Reservoir and/or Green Mountain Reservoir

Each of these potential water quality impacts are discussed in detail below.
a) Changes in Discharge Permits for WWTPs, Necessitating Possible Plant Upgrades

The only discharge permit downstream of Dillon Reservoir that would be impacted by
changes in flows is the Joint Sewer Authority (JSA) municipal WWTP. Potential impacts
to this plant would be:

e Changes in acute and chronic low flow that would change the permit limits.

e Changes in acute and chronic low that would change monitoring requirements in the
permit.

The JSA WWTP’s existing permit is tiered by effluent flow, with the largest effluent tier
providing for up to 4 mgd discharge of treated effluent. The acute low flows are 52 cfs and
chronic low flows are 62 cfs. Under the existing permit, the percent of the stream that is
treated effluent under chronic low flow conditions is 9.7%. At percentages greater than
10%, monitoring requirements for toxicity testing would change. Additionally, at higher
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effluent flows or lower stream flows, the JSA WWTP would need to provide additional
treatment for disinfection and copper removal.

To evaluate potential impacts to the JSA WWTP, the acute and chronic low flows were
estimated for Current Conditions (2006), Full Use of the Existing System, and Full Use
with a Project Alternative with RFFAs (2032) using the modeled PACSM daily flows.
These flows were estimated on a 7 day running average to simulate how Denver Water
determines releases (see Section 4.6.1). DFLOW, the CDPHE modified EPA program, was
used to calculate acute and chronic low flow (Pierce 2010). DFLOW was used herein along
with the average daily PACSM estimated flows for each condition and results are shown in
Table 4.6.2-17. Under Full Use of the Existing System and Full Use with a Project
Alternative with RFFAs (2032), both acute and chronic low flows would increase when
compared to Current Conditions (2006). Therefore, no changes to the JSA WWTP
discharge permit are anticipated. The total number of days at very low flows (under 45 cfs)
would decrease from 23 days under Current Conditions (2006) to 7 days under Full Use of
the Existing System and Full Use with a Project Alternative with RFFAs (2032). The
permit may be changed due to the projected growth in the service area and resultant
increase in effluent being discharged.

The calculated low flows shown in Table 4.6.2-17 are less than existing low flows with the
current JSSA WWTP permit. The JSA WWTP discharge point is located below both Straight
Creek and Willow Creek, and while Table 4.6.2-17 does not reflect the additional flow from
these tributaries, the JSA permit does include the tributary flow. The low flows shown in
Table 4.6.2-17 are within 5% of calculated low flows from historic USGS gage information
collected for the Blue River between 1997 and 2007. No additional monitoring would be
anticipated for the JSA due to changes in Dillon Reservoir releases and potential increases in
low flows.

Table 4.6.2-17
Calculated Acute and Chronic Low Flow below Dillon Reservoir

Full Use With a Project

Current Conditions (2006) | FullUseofthe BXisting | xji0native with REFAS
Wastewater System (2032)

Treatment Plant

Acute Low | Chronic Low | Acute Low | Chronic Low | Acute Low | Chronic Low
Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs)

Joint Sewer Authority™ 44 48 45 49 45 49

Note:
*Low flows calculated using Dillon Reservoir outflow from PACSM results as discussed in Section 4.6.1.

b) Changes in Water Quality due to Changes in Tributary Flows and Water Quality

The Proposed Action with RFFAs would not affect flows in tributaries to the Blue River.
Therefore, changes in water quality of the tributaries would not change as a result of the
Proposed Action with RFFAs.
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c) Changes in Water Quality related to Treated Wastewater Discharges

The existing permit for the JSA WWTP uses 52 cfs as an acute low flow. Using this acute
low flow and 80% of current permitted discharge, the permit would remain in compliance
up to an effluent content of 9.5% in the Blue River. The method of comparing to 80% of
permitted discharge is based on:

e State regulations stipulate that when WWTPs reach 80% of capacity, design for plant
expansion should begin and new construction should start prior to reaching 95% of
capacity. Using 80% of plant capacity is a more conservative (lower) estimate of
permitted capacity where permits are written for 100% of the permitted capacity. Most
WWTP entities strive to be good stewards and typically have construction completed
prior to reaching 95%.

e The current percentage of the river that contains wastewater effluent is estimated using
80% of the current permitted capacity. This provides for a conservative (lower)
estimate of the allowable effluent when determining a significant change.

Future conditions were evaluated using estimated wastewater discharge. The estimated
wastewater discharge in 2032 was 5.6 mgd, based on the estimated population increase for
the Town of Silverthorne, per the Silverthorne Comprehensive Plan (December 2001).
Table 4.6.2-18 lists the percent of effluent under Current Conditions (2006) and Full Use
with a Project Alternative with RFFAs (2032) for months in which Dillon Reservoir
discharges would change more than 10%.

Table 4.6.2-18
Estimated Percent JSA Wastewater Treatment Plant Treated
Effluent of Dillon Reservoir Releases

Percent of Dillon Reservoir Releases
that are Wastewater Per_ce_nt Change from Curren'_[
Month — E Ul Use withialProject Condl_tlons (2006) _to Fu_II Use with
Current Conditions . . a Project Alternative with RFFAs
(2006) Alternative with (2032)
RFFAs (2032)
Average Years
October 11% 14% 27%
November 14% 15% 7%
April 11% 12% 9%
May 3% 4% 33%
June 1% 2% 100%
July 3% 4% 33%
August 6% 8% 33%
September 10% 12% 20%
Dry Years
June 14% 17% 21%
July 6% 12% 100%
August 6% 10% 67%
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Table 4.6.2-18 (continued)
Estimated Percent JSA Wastewater Treatment Plant Treated
Effluent of Dillon Reservoir Releases

Percent of Dillon Reservoir Releases
that are Wastewater Per_ce_nt Change from Curren'_c
Month — U e A Fr Condl_tlons (2006) _to Fu_II Use with
Current Conditions . . a Project Alternative with RFFAs
(2006) Alternative with (2032)
RFFAs (2032)
Wet Years
October 7% 17% 143%
November 10% 16% 60%
December 13% 15% 15%
January 15% 16% 7%
February 15% 16% 7%
March 15% 16% %
April 5% 6% 20%
May 1% 2% 100%
June 1% 1% 0%
July 1% 2% 100%
August 3% 3% 0%

For the Blue River downstream of Dillon Reservoir, the maximum percent effluent would
be 15.2% under Current Conditions (2006) and 17.3% under Full Use with a Project
Alternative with RFFAs (2032) conditions. The table shows a number of months in which
the change in percent effluent in Dillon Reservoir releases would change more than the
10% threshold used in this EIS to identify areas of potential significant effect. Therefore,
further consideration was given to the environmental effects of the increased effluent in the
reservoir releases. When the percentage of wastewater increases in a stream or river, there
are potential increases in organic matter, nutrients, and oxygen demand. However, any
actual degradation in stream water quality is dependent on level of treatment provided at the
WWTPs and on the receiving stream’s water quality prior to the increase in effluent
discharge. Although the impact to the Blue River cannot be definitively determined with
the available data, the potential cumulative impacts relative to Dillon Reservoir releases
would be minor to moderate relative to the general characteristics of the wastewater
discharges and current water quality of the Blue River.

d) Changes in Water Quality Due to Changes in the Water Quality and/or Release
Patterns of Dillon Reservoir and/or Green Mountain Reservoir

When changes in releases from Dillon Reservoir are significant (greater than 10%), the
potential to change water quality downstream exists. Evaluation was conducted between
Current Conditions (2006) and Full Use with a Project Alternative with RFFAs (2032)
conditions during months in which significant changes in Dillon Reservoir releases were
anticipated. Table 4.6.2.4-19 lists the results and the calculated percent changes.
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Table 4.6.2-19
Potential Changes in Release Patterns of Dillon Reservoir
Percent Flow in the Blue River from Dillon Reservoir, Percent Change from
Downstream of Boulder Creek* Current Conditions (2006)
Month Current Conditions Proposed Action with tglli:r"ngtsi\e;:v \/I\fit:haglg(l)ijzgt

(2006) RFFAs (2032) (2032)
Average Year Conditions
October 66% 61% 8%
November 65% 63% -3%
April 60% 57% -5%
May 69% 57% -17%
June 74% 65% -12%
July 61% 55% -10%
August 59% 52% -12%
September 60% 56% -T%
Dry Year Conditions
June 30% 26% -13%
July 61% 45% -26%
August 65% 52% -20%
Wet Year Conditions
October 72% 49% -32%
November 68% 57% -16%
December 71% 68% -4%
January 68% 68% -0%
February 73% 72% -1%
March 76% 74% -3%
April 73% 68% -7%
May 82% 73% -11%
June 74% 77% 4%
July 68% 65% -4%
August 66% 64% -3%

Note:
*Calculated from PACSM Nodes 4250 and 4500. Months in which releases from Dillon Reservoir change greater than +/- 10% are
shown.

Flows during many months indicate a greater than 10% change in relative contributions
from sources in the Blue River downstream of Boulder Creek. A water quality change in
the Blue River is also a possibility due to tributaries having variable water quality. Recent
water quality data (post-2000) is not available on tributaries throughout the Blue River
Basin downstream of Dillon Reservoir; however, most of the watershed is located in
National Forest where anthropogenic impacts to water quality are minimal.

The Blue River from the outlet of Dillon Reservoir to the confluence with North Rock
Creek is listed on the Monitoring and Evaluation List for Aquatic Life Use
(CDPHE 2012a). A discussion of the Aquatic Life Use listing is presented in Section 3.11.

4-252 Water Quality — Proposed Action — Blue River



Chapter 4 - Total Environmental Effects

Conclusions on Potential Changes in the Blue River

A summary of potential changes in the Blue River resulting in changes between Current
Conditions (2006) and Full Use with a Project Alternative with RFFAs (2032) conditions
include:

e Aslight increase would occur in the acute and chronic low flow rates due to increased
releases from Dillon Reservoir. No impacts to the JSA permit are anticipated as a result
of changes in releases from Dillon Reservoir.

e Negligible changes would occur in water quality in the Blue River due to changes in
tributary contributions.

e The water quality changes caused by changes in wastewater portions in the Blue River
are unknown. Estimated change between Current Conditions (2006) and Full Use with
a Project Alternative with RFFAs (2032) ranges from a decrease of 13% to an increase
of over 150%. Actual changes to water quality are highly dependent on treatment
capabilities. Changes in treatment processes may be needed to meet regulations and
conditions unrelated to changes in flow conditions.

Muddy Creek

The Proposed Action with RFFAs may have the following potential water quality impacts
to Muddy Creek:

a) Potential Increase in Temperature Standard Exceedances Downstream of Wolford
Mountain Reservoir

b) Potential Impacts to WWTP Permits
c) Changes in Water Quality Caused by Changes in Treated Wastewater Volume

d) Changes in Water Quality Caused by Changes in Releases from Wolford Mountain
Reservoir

Each of these potential water quality impacts are discussed in detail below.

a) Potential Increase in Temperature Standard Exceedances Downstream of Wolford
Mountain Reservoir

Temperatures in Muddy Creek below Wolford Mountain Reservoir are influenced by
reservoir releases. Prior to any modification of the Moffat Collection System, temperatures
would change in the future due to changes in the operation of the reservoir for the

10,825 Water Program (see Section 4.3.2), expanded contract deliveries to West Slope
users, and due to Denver Water’s substitution for Blue River diversions. Flows would
increase in dry years, for all months except August. In wet years, outflows would be
reduced in June and July, but would otherwise be similar to Current Conditions (2006).

The MWAT for the period of record is 20.2°C and the maximum DM is 22.8°C for the
period of record. The two MWAT exceedances are the only MWATS that approach or
exceed the standard. There were 10 DM values that approach or exceed the standard. Two
of the DMs and none of the MWATS occurred on days where the air temperature was above
the 90" percentile, and some occurred on days that had air temperatures less than 60°F.
Evaluations suggest that the release depth in the reservoir (the elevation of water released
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from the reservoir) is more important than flow or air temperature. With regard to
temperature, the quantity of flow would therefore be less important than the elevation from
which the releases are made.

The reservoir has four outlet gates at twenty-foot intervals in elevation (Stevens and
Sprague 2001). In a 2001 study, the top layer of the reservoir was found to be near or
above the temperature standard, therefore downstream exceedances of temperature standard
could be expected if releases are made from the uppermost gate. Generally, releases have
been made from the bottom and uppermost gates during the months of May through August
(Stevens and Sprague 2001). It is not known whether changes in release rates affect the
operator’s ability to manipulate use of the bottom gate to achieve water temperature
objectives. Such operation would require cooperation of the Colorado River Water
Conservation District who has responsibility for Wolford Mountain Reservoir operations.
There would be no impact from changes in operations of Wolford Mountain as a result of
the Proposed Action with RFFAs.

b) Potential Impacts to WWTP Permits

The greatest potential impact to the Kremmling WWTP would be a change in the
assimilative capacity used to determine discharge limitations. To evaluate potential
changes in assimilative capacity, the acute and chronic low flows were calculated for
Current Conditions (2006), Full Use of the Existing System, and Full Use with a Project
Alternative with RFFAs (2032). DFLOW, the CDPHE modified EPA program, was used
to calculate acute and chronic low flow (Pierce 2010). DFLOW was used herein along with
the average daily PACSM estimated flows for each condition and results are shown in
Table 4.6.2-20.

Table 4.6.2-20
Calculated Acute and Chronic Low Flow at Wolford Mountain Dam Outlet

Full Use With a Project
Alternative with RFFAs
(2032)

Acute Low | Chronic Low | Acute Low | Chronic Low | Acute Low | Chronic Low
Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs) Flow (cfs)

Full Use of the Existing

Current Conditions (2006) System

Wolford Mountain

Dam Outlet 35 6.8 10.3 23 10.3 12.9

Acute and chronic low flows would increase under Full Use with a Project Alternative with
RFFAs (2032) when compared to Current Conditions (2006). There would be no impact to
the Kremmling WWTP as the assimilative capacity under Full Use with a Project
Alternative with RFFAs (2032) conditions would increase.

c) Changes in Water Quality Caused by Changes in Treated Wastewater Volume

As noted in Table 4.6.2-20, acute and chronic low flows in Muddy Creek would increase
under Full Use with a Project Alternative with RFFAs (2032). As shown in Appendix H-2,
flows would decrease more than 10% downstream of Wolford Mountain Reservoir during
the following months: November and August of average years, August of dry years, and
November and April of wet years. The Kremmling WWTP has a permitted discharge of
0.3 mgd. Using 80% (for reasons noted above in the Fraser River section) and the acute
low flow of 3.5 cfs shown in Table 4.6.2-20 the percent wastewater under Current
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Conditions (2006) is 10.6%. Calculated percent wastewater flows for the months with
notable changes are shown in Table 4.6.2-21.

Table 4.6.2-21
Changes in Percent Wastewater for Months with Decreases in Flow of 10% or More

Percent of Muddy Creek that is Wastewater* Percent Change from Current
Month | current Conatons | LUl UsewithaProjec | Conditons 2606 o FullUoe
(2006) (2032) RFFAs (2032)
Average Years
November 1.9% 2.5% 32%
August 0.8% 1.0% 25%
Dry Years
August 0.5% 0.6% 20%
Wet Years
November 1.0% 2.1% 110%
April 0.5% 0.9% 80%

Note:
*Calculated using PACSM flow from Wolford Mountain, Node 1600.

Months that are not shown in Table 4.6.2-21 are projected to have increases in flow from
Wolford Mountain Reservoir or insignificant decreases in flow. Actual percentages of
wastewater contribution would be less because the Kremmling WWTP discharges into
Muddy Creek downstream of Wolford Mountain Dam and additional tributary inflow.
Therefore, no changes would occur to water quality given that the percentages of
wastewater flow in the months of note would be significantly less than the currently
permitted conditions.

d) Changes in Water Quality Caused by Changes in Releases from Wolford Mountain
Reservoir

Potential water quality changes would occur from changes in Wolford Mountain Reservoir
releases due to changes in proportional contributions between the dam and downstream
tributaries. Water quality parameters of concern, as shown in Table 3.2-10, include arsenic,
temperature, sulfate, and total dissolved solid (TDS). With the exception of temperature,
these are likely derived from soils in the Alkali Slough, a tributary to Wolford Mountain
Reservoir (Stevens and Sprague 2001). Changes in reservoir releases would not likely
change parameter concentrations since the reservoir attenuates spikes in concentrations
resulting from snowmelt or storm runoff.

Conclusions on Potential Changes in Water Quality on Muddy Creek

The following summarizes potential changes in water quality in Muddy Creek as a result in
changes from Current Conditions (2006) to Full Use with a Project Alternative with RFFAs
(2032) conditions:

e Temperature downstream of Wolford Mountain Dam would be directly related to the
reservoir level from which water is released. Wolford Mountain Dam is not operated
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by Denver Water and no impacts would result from implementing the Proposed Action
with RFFAs.

e Greater assimilative capacity for the Kremmling WWTP would be anticipated under
Full Use with a Project Alternative with RFFAs (2032) conditions.

e There would be no anticipated impact to Muddy Creek due to changes in discharge of
treated effluent.

e There would be no anticipated impact due to changes in releases from Wolford
Mountain Reservoir.

South Boulder Creek

Potential impacts on water quality in South Boulder Creek upstream of Gross Reservoir
would be attributed to changes in source water and impacts associated with Moffat Tunnel
discharge. Potential water quality impacts include:

a) Changes in Concentrations of Contaminants in Source Water

b) Potential Impacts Related to the Moffat Railroad Tunnel Discharge Permit
c) Potential Changes in South Boulder Creek below Gross Reservoir

Each of these potential water quality impacts are discussed in detail below:

a) Changes in Concentrations of Contaminants in Source Water

Table 3.2-18 lists the water quality upstream and downstream of the Moffat Tunnel. Four
constituents are discussed as they differ from upstream to downstream of the Moffat
Tunnel. These changes are likely due to the influence of the imported water. The first
constituent is cadmium where sample results both upstream and downstream were very near
the detection limit. Upstream readings had 4 of 9 samples below detection level, while
downstream readings had 5 of 9 samples below detection level, however, all samples were
within the stream standard. Discharges through the Moffat Tunnel would, therefore, not
likely change cadmium concentrations significantly.

The second constituent is E. Coli. The actual concentrations of E. Coli are insignificant, to
the point of being negligible. As measured in most probably number per 100 ml (MPN),
the stream standard is 126. With geometric mean values of 0.8 and 2.1, the change would
not be significant.

The third constituent is Manganese which was well within the stream standard. With the
85" percentile values at less than 0.7% of the stream standard, the anticipated change would
not be significant.

Uranium, the fourth constituent, was also well within the stream standard, with

85™ percentile values at less than 1.5% of the stream standard. The 85" percentile value is
also well within the drinking water standard of 30 pug/L. The maximum increase in flow
between Current Conditions (2006) and Full Use with a Project Alternative with RFFAS
(2032) conditions is 100%, or a doubling of contributions from the Moffat Tunnel. Even
under these conditions, concentrations of uranium would be well below stream standards
and drinking water standards. Therefore, the change would not be significant.
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Parameters with drinking water standards were also evaluated. Sodium was the only
parameter that would undergo a significant change. However, the 85™ percentile value is
well below the advisory drinking water limit. Therefore, the change would not be
significant.

b) Potential Impacts Related to the Moffat Railroad Tunnel Discharge Permit

The Moffat Railroad Tunnel Discharge Permit allows for discharge of railroad tunnel
seepage water to either the Fraser River or South Boulder Creek under permit number
CO0-0047554. Discharge to South Boulder Creek is limited to 0.5 mgd, or about 0.77 cfs.
Because this flow is seepage water, the maximum flow is not expected to increase.

The Moffat Railroad Tunnel discharge into South Boulder Creek occurs just downstream of
the tunnel. To estimate Project impacts on dilution in South Boulder Creek, flow through
the railroad tunnel was reviewed and the low flow deliveries through the railroad tunnel
were estimated. Acute low flow deliveries were estimated to change from zero under
Current Conditions (2006) to 2.2 cfs under Full Use with a Project Alternative with RFFAs
(2032). Chronic low flow deliveries were estimated to change from 1.4 cfs under Current
Conditions (2006) to 8.6 cfs under Full Use with a Project Alternative with RFFAs (2032).
There would be no adverse cumulative impacts to water quality caused by changes in flow
through the Moffat Railroad Tunnel when combined with potential discharges from the
Moffat Railroad Tunnel. Additionally, no impacts are anticipated to the Moffat Railroad
Tunnel Discharge Permit.

c) Potential Changes in South Boulder Creek below Gross Reservoir

Only very limited water quality data are available for South Boulder Creek between Gross
Reservoir and Eldorado Springs for evaluation of Current Conditions (2006); however, it is
possible to broadly anticipate relative changes in water quality due to Full Use with a
Project Alternative with RFFAs (2032) conditions. Possible impacts with regard to water
quality for South Boulder Creek downstream of Gross Reservoir include:

e Changes in Gross Reservoir water quality
e Changes in Gross Reservoir outflow water temperature
e Impacts to water providers due to changes in water quality

e Impacts to WWTP dischargers

Changes in Gross Reservoir Water Quality

Short-term changes in water quality in Gross Reservoir due to land inundation are expected
to be minor, with possible increases occurring in TOC and nutrient concentrations. These
changes are anticipated to be minimized through grubbing and land clearing prior to
inundation, as described in Chapter 2. In response, corresponding short-term, negligible to
minor increases in productivity may occur in South Boulder Creek downstream of Gross
Reservoir. These changes would not impact impaired or potentially impaired segments
farther downstream due to the numerous water withdrawals between Gross Reservoir and
the mouth of South Boulder Creek.
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Changes in Gross Reservoir Outflow Water Temperature

As first noted in Section 4.6.2.1.1, a two-dimensional, numerical, hydrodynamic and
temperature model of Gross Reservoir was developed to simulate potential effects on outlet
water temperatures for the Proposed Action. Model development, calibration, and
application are documented in detail in Hawley et al. (2013), which is presented in full in
Appendix E-5.

The calibrated model was applied to simulate outflow temperatures for the Proposed
Action. Results were compared to simulated outflow temperature results for Current
Conditions (2006). A two-year period of the PACSM hydrology (1971-1972) was
simulated. This time period was selected because it included 1972, the year with the
maximum difference (between Current Conditions and the Proposed Action in average
summertime [July-September]) water surface elevation. The simulation period also
included a year close to the median difference (1971). Each simulation was run with 2009
meteorological inputs (cooler air temperatures) and 2012 meteorological inputs (warmer air
temperatures).

Simulation results demonstrate that the outflow temperature response did not vary much
based on meteorological inputs. The larger effect on outflow temperatures was in response
to the reservoir expansion. Model results predicting outflow temperatures for 1971-1972
for the Proposed Action and for Current Conditions (2006) are shown in Figure 4.6.2-24.

Figure 4.6.2-24
Simulated Outflow Temperatures from Gross Reservoir for Base285
and Alternative 1a, 1971 and 1972, 2009 Meteorological Inputs
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The model predicts cooler summer and peak outflow temperatures for the Proposed Action.
The largest decrease in peak temperature for 1972 was simulated to be -6.6°C (for the 2009
meteorological inputs). The largest decrease in peak temperature for 1971 was simulated to
be -4.0°C (for 2012 meteorological input). These simulated decreases in peak temperatures
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result in maximum outflow temperatures that do not go above 9°C under the Proposed
Action, even over a range of meteorological inputs. Table 4.6.2-22 provides summary
statistics of the outflow temperature results for the full simulation period of 1971 through
1972.

Table 4.6.2-22
Summary of 1971 and 1972 Outflow Temperature
Differences for Simulated Alternatives

1971 through 1972
Metric (2009 Meteorological Inputs/2012
Meteorological Inputs)

Difference in Average Annual Outflow Temperature (Alternative

1a versus Current Conditions) "L1°C/-0.9°C
Differenc_e in July-September Averagt_a Outflow Temperature 2.4°C [ -2.2°C
(Alternative 1a versus Current Conditions)

Current Conditions Maximum Outflow Temperature 14.6°C/ 14.6°C
Alternative 1a Maximum Outflow Temperature 8.9°C/8.3°C

With respect to South Boulder Creek below Gross Reservoir, the limited set of water
temperature observations and the lack of adequate cross-section data do not support
development of a dynamic temperature model for that reach. An empirical review of
available data was conducted to assess the potential warming of outflow water that could be
expected in summer months between the Gross Reservoir outlet and the South Boulder
Creek Diversion to Ralston Reservoir (WS-RL-002). Figure 4.6.2-25 presents the
difference between the available 30-paired (in-time) observations, with positive values
showing warming between the Gross Reservoir outlet and WS-RL-002. Note that
temperature observations at WS-RL-002 were only available as whole numbers in degrees
Celsius, limiting resolution. Average summertime (July-September) warming over this
reach was 2.9°C.
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Figure 4.6.2-25
Observed Temperature Difference between Gross Reservoir Outlet and South
Boulder Creek at Ralston Diversion
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Effects on summertime water temperature in South Boulder Creek between Gross Reservoir
and the South Boulder Creek Diversion Dam are predicted to be moderate to major. A
discussion of any aquatic life effects related to these temperature predictions is presented in
Section 4.6.11.1.

Impacts to Water Providers Due to Changes in Water Quality

Because of the short-term changes noted above, the Moffat WTP would likely experience
short-term increases in TOC. TOC is a concern because of the potential formation of
disinfection byproducts during treatment and distribution. Optimization of conventional
treatment is generally sufficient to provide adequate removal of TOC. Other changes in
treatment processes would not be anticipated.

Impacts to WWTP Dischargers

The most likely impact to WWTP dischargers would be attributed to changes in flow,
particularly decreases in flow. Two permitted wastewater dischargers exist downstream of
Gross Reservoir to SH 93 (downstream of the Project area); the Eldorado Springs WWTP,
with a maximum permitted flow of 0.032 mgd (0.050 cfs), and the San Souci Mobile Home
Park, with a maximum permitted flow of 0.018 mgd (0.028 cfs). San Souci Mobile Home
Park is located downstream of Eldorado Springs. The PACSM at Node 57180, South
Boulder Creek near the Eldorado Springs gage, provided the lowest monthly flow of 6.9 cfs
under Current Conditions (2006) and 8.3 cfs under Full Use with a Project Alternative with
RFFAs (2032) conditions. Both dischargers are minor dischargers with flow rate less than
the 100:1 dilution test as used by CDPHE for determination of anti-degradation. The
lowest monthly flow would increase under the Proposed Action with RFFAs and no
potential impact to either WWTP would be anticipated.
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Conclusions on Potential Changes in Water Quality in South Boulder Creek

The following summarizes potential changes in water quality in South Boulder Creek
anticipated as a result in changes from Current Conditions (2006) to Full Use with a Project
Alternative with RFFAs (2032) conditions:

e No water quality impacts are anticipated in South Boulder Creek from increased
diversions through the Moffat Tunnel.

e No impacts are anticipated to the Moffat Railroad Tunnel discharge permit.

e Short-term minor increases in nutrients could lead to minor increases in biological
productivity downstream of Gross Reservoir.

e Optimization of treatment processes at the Moffat WTP would be needed to 